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1
PHOSPHINYL AMIDINE COMPOUNDS,
METAL COMPLEXES, CATALYST SYSTEMS,
AND THEIR USE TO OLIGOMERIZE OR
POLYMERIZE OLEFINS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of and claims priority to
U.S. patent application Ser. No. 13/519,825 filed on Aug. 27,
2012, published as US 2010/0309965 A1, which is a filing
under 35 U.S.C. 371 of International Application No. PCT/
US2010/062281 filed Dec. 29, 2010, entitled “Phosphinyl
Amidine Compounds, Metal Complexes, Catalyst Systems,
and Their Use to Oligomerize or Polymerize Olefins,” claim-
ing priority of U.S. Provisional Patent Application No.
61/291,459 filed Dec. 31, 2009, which applications are incor-
porated by reference herein in their entirety.

TECHNICAL FIELD OF THE INVENTION

This disclosure relates to N*-phosphinyl amidine com-
pounds and metal complexes of N*-phosphinyl amidine com-
pounds and their production. The disclosure also relates to
methods of producing the N*-phosphinyl amidine com-
pounds and the metal complexes of N*-phosphinyl amidine
compounds. The disclosure further relates to catalyst systems
utilizing the N*-phosphinyl amidine compounds, metal com-
plexes of N*-phosphinyl amidine compounds, and theiruse in
the oligomerization or polymerization of olefins.

BACKGROUND OF THE INVENTION

Olefins, also commonly known as alkenes, are important
items of commerce. Their many applications include employ-
ment as intermediates in the manufacture of detergents, as
precursors to more environmentally friendly refined oils, as
monomers, and as precursors for many other types of prod-
ucts. An important subset of olefins are olefin oligomers, and
one method of making olefin oligomers is via oligomerization
of ethylene, which is a catalytic reaction involving various
types of catalysts and/or catalyst systems. Examples of cata-
lysts and catalyst systems used commercially in the oligomer-
ization of olefins include alkylaluminum compounds, certain
nickel-phosphine complexes, a titanium halide with a Lewis
acid (e.g., diethyl aluminum chloride), and a selective 1-hex-
ene catalyst system containing a chromium containing com-
pound (e.g., a chromium carboxylate), a nitrogen containing
ligand (e.g., a pyrrole), and a metal alkyl (e.g., alkyl alumi-
num compounds).

Several non-commercial olefin oligomerization catalyst
systems are based upon metal complexes of pyridine bis-
imines, metal complexes of a-diimine compounds having a
metal complexing group, and selective trimerization and/or
tetramerization catalyst system using a metal complex of a
compound having a diphosphinylaminyl group. These cata-
lyst systems typically use an alkyl aluminum compound (e.g.,
aluminoxane) to activate the metal complexes for olefin oli-
gomerization.

Applications and demand for olefin oligomers (e.g., alpha
olefins) continue to multiply, and competition to supply them
correspondingly intensifies. Thus, additional novel and
improved catalysts and methods for olefin oligomerization
are desirable.

SUMMARY OF THE INVENTION

In an aspect, the present invention relates to a compound
comprising one or more N2-phosphinyl amidine groups. In an
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embodiment, the compound may comprise only one
N2-phosphinyl amidine group. In another embodiment, the
compound may comprise only two N*-phosphinyl amidine
groups.

In an aspect, the present invention relates to a metal com-
plex comprising a metal salt complexed to a compound hav-
ing one or more NZ-phosphinyl amidine groups. In an
embodiment, the metal complex may comprise a Group 4-10
metal salt complexed to a compound comprising one or more
NZ2-phosphinyl amidine groups. In some embodiments, the
metal complex may comprise a Group 4-10 metal salt com-
plexed to a compound comprises only one N2-phosphinyl
amidine group. In other embodiments, the metal complex
may comprise a Group 4-10 metal salt complexed to a com-
pound comprises only two N*-phosphinyl amidine groups. In
anembodiment, the metal salt may comprise chromium. In an
embodiment, the metal salt may be a chromium halide or
chromium f-diketonate.

In an aspect, the present invention relates to method of
preparing a compound comprising one or more N*-phosphi-
nyl amidine groups. In an embodiment, the method for pre-
paring a compound comprising one or more N-phosphinyl
amidine groups comprise: a) contacting a metal amide with a
nitrile; b) forming a metal amidinate; ¢) contacting a phos-
phine halide with the metal amidinate; and d) forming the
compound comprising the N*-phosphinyl amidine group. In
some embodiments, the method for preparing an N2-phosphi-
nyl amidine compound may comprise: a) contacting an amine
having a —NH, group and a compound capable of abstract-
ing a proton from the—NH, group; b) forming a metal amide;
¢) contacting a metal amide and a nitrile; d) forming a metal
amidinate; e) contacting the metal amidinate and a phosphine
halide; and f) forming the N*-phosphinyl amidine compound.
In other embodiments, the method is a method for preparing
an amidine compound having only one N> hydrogen atom and
may comprise: a) contacting a metal amide and a nitrile; b)
forming a first metal amidinate; ¢) contacting the first metal
amidinate with a halogenated compound; d) forming an ami-
dine compound having only one N* hydrogen atom; €) iso-
lating the amidine compound having only one N* hydrogen
atom; f) contacting the amidine compound having only one
N? hydrogen atom with a compound capable of abstracting a
proton from the amidine compound having only one N2
hydrogen atom; g) forming a second metal amidinate; h)
contacting the second metal amidinate and a phosphine
halide; and i) forming the N*-phosphinyl amidine compound.
In other embodiments, the method is a method for preparing
an amidine compound having only one N* hydrogen atom and
may comprise: a) contacting a first amine and an acid halide;
b) forming an amide; ¢) contacting the amide with phospho-
rus pentachloride; d) forming an N-substituted a-chloro
imine; e) contacting the N-substituted a.-chloro imine with a
second amine; and f) forming the amidine compound having
only one N? hydrogen atom.

In an aspect, the present invention relates to a method of
preparing an N>-phosphinyl amidine metal salt complex. In
an embodiment, the method of preparing the N*-phosphinyl
amidine metal salt complex may comprise: a) contacting a
metal salt with an N*-phosphiny] amidine compound; and b)
forming the N*-phosphinyl amidine metal salt complex.

In an aspect, the present invention relates to a catalyst
system comprising a metal salt complexed to a compound
having one or more N>-phosphinyl amidine groups and a
metal alkyl. In another aspect, present invention relates to a
catalyst system comprising a metal salt, a compound having
one or more N*-phosphinyl amidine groups, and a metal
alkyl. In an embodiment, the catalyst system may comprise a
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metal salt complexed to a compound having only N*-phos-
phinyl amidine groups. In some embodiments, the catalyst
system may comprise a metal salt complexed to a compound
having only two NZ-phosphinyl amidine groups. In an
embodiment, the compound may comprise only one
NZ2-phosphinyl amidine groups. In some embodiments, the
compound may comprise only one N-phosphinyl amidine
group. In an embodiment, the metal salt of the metal complex
or the catalyst system may comprise a Group 4-10 metal salt.
In some embodiments, the metal salt of the metal complex or
the catalyst system may comprise chromium. In other
embodiments, the metal salt of the metal complex or the
catalyst system may be a chromium halide or chromium
[p-diketonate.

In an aspect, the present invention relates to a method of
olefin oligomerization or olefin polymerization. In an
embodiment, the method of olefin oligomerization or olefin
polymerization may comprise: contacting an olefin, a catalyst
system comprising i) an N?-phosphinyl amidine metal salt
complex and ii) a metal alkyl, and optionally hydrogen; and b)
forming an olefin oligomer product or olefin polymer prod-
uct. In another embodiment, the method of olefin oligomer-
ization or olefin polymerization may comprise: contacting an
olefin, a catalyst system comprising i) an N2-phosphiny] ami-
dine compound, ii) a metal salt complex, and iii) a metal alkyl,
and optionally hydrogen; and b) forming an olefin oligomer
product or olefin polymer product. In a further embodiment,
the method of olefin oligomerization or olefin polymerization
may comprise: a) forming a catalyst system mixture compris-
ing an N*-phosphinyl amidine metal salt complex, a metal
alkyl, and a first solvent; b) contacting the catalyst system
mixture with an olefin, a second solvent, and optionally
hydrogen; and c¢) forming an olefin oligomer product. In
another embodiment, the method of olefin oligomerization or
olefin polymerization may comprise: a) forming a composi-
tion comprising an N*-phosphinyl amidine metal salt com-
plex; b) forming a mixture comprising an olefin, a metal alkyl,
and optionally hydrogen; c) contacting the composition of
step a) and the mixture of step b); and d) forming an olefin
oligomer product. In yet another embodiment, the method of
olefin oligomerization or olefin polymerization may com-
prise: a) forming a mixture comprising an N>-phosphinyl
amidine compound, a metal salt, a metal alkyl, and a first
solvent; b) contacting the mixture of step a) with an olefin, a
second solvent, and optionally hydrogen; and ¢) forming an
olefin oligomer product. In a further embodiment, the method
of olefin oligomerization or olefin polymerization may com-
prise: a) forming a mixture comprising an N>-phosphinyl
amidine compound, a metal salt, and a first solvent; b) form-
ing a mixture comprising an olefin, a metal alkyl, a second
solvent, and optionally hydrogen; c¢) contacting the mixture
formed in step a) and the mixture formed in step b); and d)
forming an olefin oligomer product.

In an embodiment, the N*-phosphinyl amidine compound
or the N*-phosphinyl amidine of the N-phosphinyl amidine
metal salt complex utilized in the method of olefin oligomer-
ization or olefin polymerization may comprise one or more
NZ2-phosphinyl amidine groups; alternatively, comprise only
one N*-phosphinyl amidine group; or alternatively, comprise
only two N2-phosphinyl amidine groups. In an embodiment,
the metal salt or the metal salt of the N*>-phosphinyl amidine
metal salt complex utilized in the method of olefin oligomer-
ization or olefin polymerization may comprise a Group 4-10
metal salt; or alternatively, a chromium salt. In some embodi-
ments, the metal salt or the metal salt of the N>-phosphinyl
amidine metal salt complex utilized in the method of olefin
oligomerization or olefin polymerization may comprise a
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chromium halide or chromium f-diketonate. In an embodi-
ment, the olefin utilized in the method of olefin oligomeriza-
tion or olefin polymerization may comprise, or consist essen-
tially of, C, to C;,, olefin; alternatively, C, to C;, alpha olefin;
alternatively, a C, to C,, normal alpha olefin; alternatively,
ethylene or propylene; or alternatively, ethylene. In an
embodiment wherein the olefin is ethylene, the olefin oligo-
merization may be an ethylene trimerization and/or ethylene
tetramerization process. In some embodiments, the olefin
trimerization and/or olefin tetramerization process produces
an ethylene oligomer product comprising a liquid product
comprising at least 60 wt. % C4 and C olefins.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 represents an X-ray of the CrCl; Complex Bl
recrystallized from acetonitrile and consequently acetonitrile
has displaced tetrahydrofuran in the complex.

DETAILED DESCRIPTION OF THE INVENTION

To define more clearly the terms used herein, the following
definitions are provided. Unless otherwise indicated, the fol-
lowing definitions are applicable to this disclosure. If a term
is used in this disclosure but is not specifically defined herein,
the definition from the IUPAC Compendium of Chemical
Terminology, 2"¢ Ed (1997) can be applied, as long as that
definition does not conflict with any other disclosure or defi-
nition applied herein, or render indefinite or non-enabled any
claim to which that definition is applied. To the extent that any
definition or usage provided by any document incorporated
herein by reference conflicts with the definition or usage
provided herein, the definition or usage provided herein con-
trols.

Groups of elements of the table are indicated using the
numbering scheme indicated in the version of the periodic
table of elements published in Chemical and Engineering
News, 63(5),27,1985. In some instances a group of elements
may be indicated using a common name assigned to the
group; for example alkali earth metals (or alkali metals) for
Group 1 elements, alkaline earth metals (or alkaline metals)
for Group 2 elements, transition metals for Group 3-12 ele-
ments, and halogens for Group 17 elements.

Regarding claim transitional terms or phrases, the transi-
tional term “comprising”, which is synonymous with “includ-
ing,” “containing,” “having,” or “characterized by,” is inclu-
sive or open-ended and does not exclude additional, unrecited
elements or method steps. The transitional phrase “consisting
of” excludes any element, step, or ingredient not specified in
the claim. The transitional phrase “consisting essentially of”
limits the scope of a claim to the specified materials or steps
and those that do not materially affect the basic and novel
characteristic(s) of the claimed invention. A “consisting
essentially of” claim occupies a middle ground between
closed claims that are written in a “consisting of”” format and
fully open claims that are drafted in a “comprising” format.
Absent an indication to the contrary, when describing a com-
pound or composition “consisting essentially of” is not to be
construed as “comprising,” but is intended to describe the
recited component that includes materials which do not sig-
nificantly alter the composition or method to which the term
is applied. For example, a feedstock consisting of a material A
can include impurities typically present in a commercially
produced or commercially available sample of the recited
compound or composition. When a claim includes different
features and/or feature classes (for example, a method step,
feedstock features, and/or product features, among other pos-
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sibilities), the transitional terms comprising, consisting
essentially of, and consisting of apply only to the feature class
which is utilized and it is possible to have different transi-
tional terms or phrases utilized with different features within
a claim. For example, a method can comprise several recited
steps (and other non-recited steps) but utilize a catalyst sys-
tem preparation consisting of specific or alternatively consist
of specific steps and/or utilize a catalyst system comprising
recited components and other non-recited components.

While compositions and methods are described in terms of
“comprising” various components or steps, the compositions
and methods can also “consist essentially of” or “consist of”
the various components or steps.

The terms “a,” “an,” and “the” are intended, unless specifi-
cally indicated otherwise, to include plural alternatives, e.g.,
at least one. For instance, the disclosure of “a trialkylalumi-
num compound” is meant to encompass one trialkylalumi-
num compound, or mixtures or combinations of more than
one trialkylaluminum compound unless otherwise specified.

For any particular compound disclosed herein, the general
structure or name presented is also intended to encompass all
structural isomers, conformational isomers, and stereoiso-
mers that may arise from a particular set of substituents,
unless indicated otherwise. Thus, a general reference to a
compound includes all structural isomers unless explicitly
indicated otherwise; e.g., a general reference to pentane
includes n-pentane, 2-methyl-butane, and 2,2-dimethylpro-
pane while a general reference to a butyl group includes an
n-butyl group, a sec-butyl group, an iso-butyl group, and a
tert-butyl group. Additionally, the reference to a general
structure or name encompasses all enantiomers, diastere-
omers, and other optical isomers whether in enantiomeric or
racemic forms, as well as mixtures of stereoisomers, as the
context permits or requires. For any particular formula or
name that is presented, any general formula or name pre-
sented also encompasses all conformational isomers, regioi-
somers, and stereoisomers that may arise from a particular set
of substituents.

A chemical “group” is described according to how that
group is formally derived from a reference or “parent” com-
pound, for example, by the number of hydrogen atoms for-
mally removed from the parent compound to generate the
group, even if that group is not literally synthesized in this
manner. These groups can be utilized as substituents or coor-
dinated or bonded to metal atoms. By way of example, an
“alkyl group” formally can be derived by removing one
hydrogen atom from an alkane, while an “alkylene group”
formally can be derived by removing two hydrogen atoms
from an alkane. Moreover, a more general term can be used to
encompass a variety of groups that formally are derived by
removing any number (“one or more”) hydrogen atoms from
a parent compound, which in this example can be described as
an “alkane group,” and which encompasses an “alkyl group,”
an “alkylene group,” and materials have three or more hydro-
gens atoms, as necessary for the situation, removed from the
alkane. Throughout, the disclosure that a substituent, ligand,
or other chemical moiety may constitute a particular “group”
implies that the well-known rules of chemical structure and
bonding are followed when that group is employed as
described. When describing a group as being “derived by,”
“derived from,” “formed by,” or “formed from,” such terms
are used in a formal sense and are not intended to reflect any
specific synthetic methods or procedure, unless specified oth-
erwise or the context requires otherwise.

The term “substituted” when used to describe a group, for
example, when referring to a substituted analog of a particular
group, is intended to describe any non-hydrogen moiety that
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formally replaces a hydrogen in that group, and is intended to
be non-limiting. A group or groups may also be referred to
herein as “unsubstituted” or by equivalent terms such as
“non-substituted,” which refers to the original group in which
a non-hydrogen moiety does not replace a hydrogen within
that group. “Substituted” is intended to be non-limiting and
include inorganic substituents or organic substituents.

Unless otherwise specified, any carbon-containing group
for which the number of carbon atoms is not specified can
have, according to proper chemical practice, 1,2,3,4,5,6,7,
8,9,10,11,12,13,14,15,16,17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, or 30 carbon atoms, or any range or
combination of ranges between these values. For example,
unless otherwise specified, any carbon-containing group can
have from 1 to 30 carbon atoms, from 1 to 25 carbon atoms,
from 1 to 20 carbon atoms, from 1 to 15 carbon atoms, from
1 to 10 carbon atoms, or from 1 to 5 carbon atoms, and the
like. Moreover, other identifiers or qualifying terms may be
utilized to indicate the presence or absence of a particular
substituent, a particular regiochemistry and/or stereochemis-
try, or the presence or absence of a branched underlying
structure or backbone.

An amidine group is a group having the general structure

/"
N
\

*

7

N

Within the amidine group the nitrogen participating in a
double bond with the central carbon atom is referred to as the
N! nitrogen and the nitrogen atom participating in a single
bond with the central carbon atom is referred to as the N®
nitrogen. Similarly, the groups attached to the N* and N?
nitrogen atoms are referred to as the N' group and N* group
respectively. An N*-phosphinyl amidine group has the gen-
eral structure

N/
N/ \P s

Within the N*-phosphinyl amidine group the N* and N* nitro-
gen atoms and N* and N* groups have the same meaning as
described for the amidine group. Consequently, an N*-phos-
phinyl amidine group has the phosphinyl group is attached to
the N nitrogen atom. Within the amidine group and N>-phos-
phinyl amidine group the carbon atom between the two nitro-
gen atoms is the central carbon atom and any substituent
attached to it is referred to as the central carbon group. For the
purpose of this disclosure and claims, a compound having a
pyridine group with a 2-amine group (or its analogues—e.g.,
a pyrimidine ring, an imidazole ring, a compound having
2-aminopyridine group, etc . . . ) or having a 2-phosphiny-
lamine group is not considered to constitute an amidine group
or N?-phosphinyl amidine group, respectively.

The term “organyl group” is used herein in accordance
with the definition specified by IUPAC: an organic substituent
group, regardless of functional type, having one free valence
at a carbon atom. Similarly, an “organylene group” refers to
an organic group, regardless of functional type, derived by
removing two hydrogen atoms from an organic compound,
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either two hydrogen atoms from one carbon atom or one
hydrogen atom from each of two different carbon atoms. An
“organic group” refers to a generalized group formed by
removing one or more hydrogen atoms from carbon atoms of
an organic compound. Thus, an “organyl group,” an “orga-
nylene group,” and an “organic group” can contain organic
functional group(s) and/or atom(s) other than carbon and
hydrogen, that is, an organic group can comprise functional
groups and/or atoms in addition to carbon and hydrogen. For
instance, non-limiting examples of atoms other than carbon
and hydrogen include halogens, oxygen, nitrogen, phospho-
rus, and the like. Non-limiting examples of functional groups
include ethers, aldehydes, ketones, esters, sulfides, amines,
phosphines, and so forth. In one aspect, the hydrogen atom(s)
removed to form the “organyl group,” “organylene group,” or
“organic group” may be attached to a carbon atom belonging
to a functional group, for example, an acyl group (—C(O)R),
a formyl group (—C(O)H), a carboxy group (—C(O)OH), a
hydrocarboxycarbonyl group (—C(O)OR), a cyano group
(—C=N), a carbamoy] group (—C(O)NH,), an N-hydrocar-
bylcarbamoyl group (—C(O)NHR), or N,N'-dihydrocarbyl-
carbamoyl group (—C(O)NR,), among other possibilities. In
another aspect, the hydrogen atom(s) removed to form the
“organyl group,” “organylene group,” or “organic group”
may be attached to a carbon atom not belonging to, and
remote from, a functional group, for example, —CH,C(O)
CH;, —CH,NR,, and the like. An “organyl group,” “orga-
nylene group,” or “organic group” may be aliphatic, inclusive
of being cyclic or acyclic, or may be aromatic. “Organyl
groups,” “organylene groups,” and “organic groups” also
encompass heteroatom-containing rings, heteroatom-con-
taining ring systems, heteroaromatic rings, and heteroaro-
matic ring systems. “Organyl groups,” “organylene groups,”
and “organic groups” may be linear or branched unless oth-
erwise specified. Finally, it is noted that the “organyl group,”
“organylene group,” or “organic group” definitions include
“hydrocarbyl group,” “hydrocarbylene group,” “hydrocarbon
group,” respectively, and “alkyl group,” “alkylene group,”
and “alkane group,” respectively, as members.

For the purposes of this application, the term or variations
of the term “organyl group consisting of inert functional
groups” refers to an organyl group wherein the organic func-
tional group(s) and/or atom(s) other than carbon and hydro-
gen present in the functional group are restricted to those
functional group(s) and/or atom(s) other than carbon and
hydrogen which do not complex with a metal compound
and/or are inert under the process conditions defined herein.
Thus, the term or variation of the term “organyl group con-
sisting of inert functional groups” further defines the particu-
lar organyl groups that can be present within the organyl
group consisting of inert functional groups. Additionally, the
term “organyl group consisting of inert functional groups”
can refer to the presence of one or more inert functional
groups within the organyl group. The term or variation of the
term “organyl group consisting of inert functional groups”
definition includes the hydrocarbyl group as a member
(among other groups). Similarly, an “organylene group con-
sisting of inert functional groups” refers to an organic group
formed by removing two hydrogen atoms from one or two
carbon atoms of an organic compound consisting of inert
functional groups and an “organic group consisting of inert
functional groups” refers to a generalized organic group con-
sisting of inert functional groups formed by removing one or
more hydrogen atoms from one or more carbon atoms of an
organic compound consisting of inert functional groups.

For purposes of this application, an “inert functional
group” is a group which does not substantially interfere with
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the process described herein in which the material having an
inert functional group takes part and/or does not complex
with the metal compound of the metal complex. The term
“does not complex with the metal compound” may include
groups that could complex with a metal compound but in
particular molecules described herein may not complex with
a metal compound due to its positional relationship within a
ligand. For example, while an ether group may complex with
ametal compound, an ether group located at a para position of
a substituted phenyl phosphinyl group may be an inert func-
tional group because a single metal compound cannot com-
plex with both the para ether group and the N-phosphinyl
amidine group of the same metal complex molecule. Thus,
the inertness of a particular functional group is not only
related to the functional group’s inherent inability to complex
the metal compound but can also be related to the functional
group’s position within the metal complex. Non-limiting
examples of inert functional groups which do not substan-
tially interfere with processes described herein can include
halo (fluoro, chloro, bromo, and iodo), nitro, hydrocarboxy
groups (e.g, alkoxy, and/or aroxy, among others), sulfidyl
groups, and/or hydrocarbyl groups, among others.

The term “hydrocarbon” whenever used in this specifica-
tion and claims refers to a compound containing only carbon
and hydrogen. Other identifiers can be utilized to indicate the
presence of particular groups in the hydrocarbon (e.g. halo-
genated hydrocarbon indicates that the presence of one or
more halogen atoms replacing an equivalent number of
hydrogen atoms in the hydrocarbon). The term “hydrocarbyl
group” is used herein in accordance with the definition speci-
fied by IUPAC: a univalent group formed by removing a
hydrogen atom from a hydrocarbon. Non-limiting examples
of hydrocarbyl groups include ethyl, phenyl, tolyl, propenyl,
and the like. Similarly, a “hydrocarbylene group” refers to a
group formed by removing two hydrogen atoms from a
hydrocarbon, either two hydrogen atoms from one carbon
atom or one hydrogen atom from each of two different carbon
atoms. Therefore, in accordance with the terminology used
herein, a “hydrocarbon group” refers to a generalized group
formed by removing one or more hydrogen atoms (as neces-
sary for the particular group) from a hydrocarbon. A “hydro-
carbyl group,” “hydrocarbylene group,” and “hydrocarbon
group” can be acyclic or cyclic groups, and/or may be linear
or branched. A ‘“hydrocarbyl group,” “hydrocarbylene
group,” and “hydrocarbon group” can include rings, ring
systems, aromatic rings, and aromatic ring systems, which
contain only carbon and hydrogen. “Hydrocarbyl groups,”
“hydrocarbylene groups,” and ‘“hydrocarbon groups”
include, by way of example, aryl, arylene, arene, alkyl, alky-
lene, alkane, cycloalkyl, cycloalkylene, cycloalkane, aralkyl,
aralkylene, and aralkane groups, among other groups, as
members.

The term “alkane” whenever used in this specification and
claims refers to a saturated hydrocarbon compound. Other
identifiers can be utilized to indicate the presence of particu-
lar groups in the alkane (e.g. halogenated alkane indicates
that the presence of one or more halogen atoms replacing an
equivalent number of hydrogen atoms in the alkane). The
term “alkyl group” is used herein in accordance with the
definition specified by IUPAC: a univalent group formed by
removing a hydrogen atom from an alkane. Similarly, an
“alkylene group” refers to a group formed by removing two
hydrogen atoms from an alkane (either two hydrogen atoms
from one carbon atom or one hydrogen atom from two dif-
ferent carbon atoms). An “alkane group™ is a general term that
refers to a group formed by removing one or more hydrogen
atoms (as necessary for the particular group) from an alkane.
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An “alkyl group,” “alkylene group,” and “alkane group” can
be acyclic or cyclic groups, and/or may be linear or branched
unless otherwise specified. Primary, secondary, and tertiary
alkyl group are derived by removal of a hydrogen atom from
aprimary, secondary, tertiary carbon atom, respectively, of an
alkane. The n-alkyl group may be derived by removal of a
hydrogen atom from a terminal carbon atom of a linear
alkane. The groups RCH, (R=H), R,CH(R=H), and R,C
(R=H) are primary, secondary, and tertiary alkyl groups,
respectively.

A cycloalkane is a saturated cyclic hydrocarbon, with or
without side chains, for example, cyclobutane. Unsaturated
cyclic hydrocarbons having one or more endocyclic double or
one triple bond are called cycloalkenes and cycloalkynes,
respectively. Cycloalkenes and cycloalkynes having only
one, only two, only three, etc. . . . endocyclic double or triple
bonds, respectively, can be identified by use of the term
“mono,” “di,” “tri,: etc . . . within the name of the cycloalkene
or cycloalkyne. Cycloalkenes and cycloalkynes can further
identify the position of the endocyclic double or triple bonds.

A “cycloalkyl group” is a univalent group derived by
removing a hydrogen atom from a ring carbon atom of a
cycloalkane. For example, a 1-methylcyclopropyl group and
a 2-methylcyclopropyl group are illustrated as follows.

i |
CH; CH

/ CH/—\CH
H,C—CH, e 2

H;C

Similarly, a “cycloalkylene group” refers to a group derived
by removing two hydrogen atoms from a cycloalkane, at least
one of which is a ring carbon. Thus, a “cycloalkylene group”
includes both a group derived from a cycloalkane in which
two hydrogen atoms are formally removed from the same ring
carbon, a group derived from a cycloalkane in which two
hydrogen atoms are formally removed from two different ring
carbons, and a group derived from a cycloalkane in which a
first hydrogen atom is formally removed from a ring carbon
and a second hydrogen atom is formally removed from a
carbon atom that is not a ring carbon. A “cycloalkane group”
refers to a generalized group formed by removing one or more
hydrogen atoms (as necessary for the particular group and at
least one of which is a ring carbon) from a cycloalkane. It
should be noted that according to the definitions provided
herein, general cycloalkane groups (including cycloalkyl
groups and cycloalkylene groups) include those having zero,
one, or more than one hydrocarbyl substituent groups
attached to a cycloalkane ring carbon atom (e.g. a methylcy-
clopropyl group) and is member of the group of hydrocarbon
groups. However, when referring to a cycloalkane group hav-
ing a specified number of cycloalkane ring carbon atoms (e.g.
cyclopentane group or cyclohexane group, among others), the
base name of the cycloalkane group having a defined number
of cycloalkane ring carbon atoms refers to the unsubstituted
cycloalkane group (including having no hydrocarbyl groups
located on cycloalkane group ring carbon atom). Conse-
quently, a substituted cycloalkane group having a specified
number of ring carbon atoms (e.g. substituted cyclopentane
or substituted cyclohexane, among others) refers to the
respective group having one or more substituent groups (in-
cluding halogens, hydrocarbyl groups, or hydrocarboxy
groups, among other substituent groups) attached to a
cycloalkane group ring carbon atom. When the substituted
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cycloalkane group having a defined number of cycloalkane
ring carbon atoms is a member of the group of hydrocarbon
groups (or a member of the general group of cycloalkane
groups), each substituent of the substituted cycloalkane group
having a defined number of cycloalkane ring carbon atoms is
limited to hydrocarbyl substituent group. One can readily
discern and select general groups, specific groups, and/or
individual substituted cycloalkane group(s) having a specific
number of ring carbons atoms which can be utilized as mem-
ber of the hydrocarbon group (or a member of the general
group of cycloalkane groups).

The term “olefin” whenever used in this specification and
claims refers to compounds that have at least one carbon-
carbon double bond that is not part of an aromatic ring or ring
system. The term “olefin” includes aliphatic and aromatic,
cyclic and cyclic, and/or linear and branched compounds
having at least one carbon-carbon double bond that is not part
of an aromatic ring or ring system unless specifically stated
otherwise. The term “olefin,” by itself, does not indicate the
presence or absence of heteroatoms and/or the presence or
absence of other carbon-carbon double bonds unless explic-
itly indicated. Olefins having only one, only two, only three,
etc. . . . carbon-carbon double bonds can be identified by use
of the term “mono,” “di,” “tri,” etc . . . within the name of the
olefin. The olefins can be further identified by the position of
the carbon-carbon double bond(s).

The term “alkene” whenever used in this specification and
claims refers a linear or branched hydrocarbon olefin that has
one or more carbon-carbon double bonds. Alkenes having
only one, only two, only three, etc. . . . such multiple bond can
be identified by use of the term “mono,” “di,” “tri,” etc . . .
within the name. For example, alkamonoenes, alkadienes,
and alkatrienes refer to a linear or branched hydrocarbon
olefins having only one carbon-carbon double bond (general
formula C,H,,), only two carbon-carbon double bonds (gen-
eral formula C,H,,, ,), and only three carbon-carbon double
bonds (general formula C,H,, ,), respectively. Alkenes can
be further identified by the position of the carbon-carbon
double bond(s). Other identifiers can be utilized to indicate
the presence or absence of particular groups within an alkene.
For example, a haloalkene refers to an alkene having one or
more hydrogen atoms replace with a halogen atom.

An “alkenyl group” is a univalent group derived from an
alkene by removal of a hydrogen atom from any carbon atom
of'the alkene. Thus, “alkenyl group” includes groups in which
the hydrogen atom is formally removed from an sp? hybrid-
ized (olefinic) carbon atom and groups in which the hydrogen
atom is formally removed from any other carbon atom. For
example and unless otherwise specified, 1-propenyl
(—CH—CHCH,;), 2-propenyl [(CH;)C—CH,], and 3-pro-
penyl (—CH,CH—CH,) groups are all encompassed with
the term “alkenyl group.” Similarly, an “alkenylene group”
refers to a group formed by formally removing two hydrogen
atoms from an alkene, either two hydrogen atoms from one
carbon atom or one hydrogen atom from two different carbon
atoms. An “alkene group” refers to a generalized group
formed by removing one or more hydrogen atoms (as neces-
sary for the particular group) from an alkene. When the
hydrogen atom is removed from a carbon atom participating
in a carbon-carbon double bond, the regiochemistry of the
carbon from which the hydrogen atom is removed, and regio-
chemistry of the carbon-carbon double bond may both be
specified. Alkene groups can also have more than one carbon-
carbon double bond. Alkene groups can also be further iden-
tified by the position of the carbon-carbon double bond.

The term “alkyne” whenever used in this specification and
claims refers a linear or branched hydrocarbon olefin that has
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one or more carbon-carbon triple bonds. Alkynes having only
one, only two, only three, etc. . . . such multiple bond can be
identified by use of the term “mono,” “di,” “tri,”: etc . . . within
the name. For example, alkamonoynes, alkadiynes, and alk-
atriynes refer to a linear or branched hydrocarbon olefins
having only one carbon-carbon triple bond (general formula
C,H,, ,), only two carbon-carbon triple bonds (general for-
mula C H,, o), and only three carbon-carbon triple bonds
(general formulaC H,,, ,,), respectively. Alkynes can be fur-
ther identified by the position of the carbon-carbon triple
bond(s). Other identifiers can be utilized to indicate the pres-
ence or absence of particular groups within an alkyne. For
example, a haloalkyne refers to an alkyne having one or more
hydrogen atoms replace with a halogen atom.

An “alkynyl group” is a univalent group derived from an
alkyne by removal of a hydrogen atom from any carbon atom
of the alkyne. Thus, “alkynyl group” includes groups in
which the hydrogen atom is formally removed from an sp
hybridized (acetylenic) carbon atom and groups in which the
hydrogen atom is formally removed from any other carbon
atom. For example and unless otherwise specified, 1-propy-
nyl (—C=CCH,) and 3-propynyl (HC=CCH,—) groups
are all encompassed with the term “alkynyl group.” Similarly,
an “alkynylene group” refers to a group formed by formally
removing two hydrogen atoms from an alkyne, either two
hydrogen atoms from one carbon atom if possible or one
hydrogen atom from two different carbon atoms. An “alkyne
group” refers to a generalized group formed by removing one
or more hydrogen atoms (as necessary for the particular
group) from an alkyne. Other identifiers may be utilized to
indicate the presence or absence of particular groups within
an alkyne group. Alkyne groups can also have more than one
carbon carbon triple bond. Alkyne groups can also be further
identified by the position of the carbon-carbon triple bond.

The term “alpha olefin” as used in this specification and
claims refers to an olefin that has a carbon-carbon double
bond between the first and second carbon atom of the longest
contiguous chain of carbon atoms. The term “alpha olefin”
includes linear and branched alpha olefins unless expressly
stated otherwise. In the case of branched alpha olefins, a
branch may be at the 2-position (a vinylidene) and/or the
3-position or higher with respect to the olefin double bond.
The term “vinylidene” whenever used in this specification
and claims refers to an alpha olefin having a branch at the
2-position with respect to the olefin double bond. By itself,
the term “alpha olefin” does not indicate the presence or
absence of heteroatoms and/or the presence or absence of
other carbon-carbon double bonds unless explicitly indi-
cated. The terms “hydrocarbon alpha olefin” or “alpha olefin
hydrocarbon™ refer to alpha olefin compounds containing
only hydrogen and carbon.

The term “linear alpha olefin™ as used herein refers to a
linear olefin having a carbon-carbon double bond between the
first and second carbon atom. The term “linear alpha olefin”
by itself does not indicate the presence or absence of heteroa-
toms and/or the presence or absence of other carbon-carbon
double bonds, unless explicitly indicated. The terms “linear
hydrocarbon alpha olefin” or “linear alpha olefin hydrocar-
bon” refers to linear alpha olefin compounds containing only
hydrogen and carbon.

The term “normal alpha olefin” whenever used in this
specification and claims refers to a linear hydrocarbon mono-
olefin having a carbon carbon double bond between the first
and second carbon atom. It is noted that “normal alpha olefin”
is not synonymous with “linear alpha olefin” as the term
“linear alpha olefin” can include linear olefinic compounds
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having a double bond between the first and second carbon
atoms and having heteroatoms and/or additional double
bonds.

The term “consists essentially of normal alpha olefin(s),”
or variations thereof, whenever used in this specification and
claims refers to commercially available normal alpha olefin
product(s). The commercially available normal alpha olefin
product can contain non-normal alpha olefin impurities such
as vinylidenes, internal olefins, branched alpha olefins, par-
affins, and diolefins, among other impurities, which are not
removed during the normal alpha olefin production process.
One readily recognizes that the identity and quantity of the
specific impurities present in the commercial normal alpha
olefin product will depend upon the source of commercial
normal alpha olefin product. Consequently, the term “consists
essentially of normal alpha olefins” and its variants is not
intended to limit the amount/quantity of the non-linear alpha
olefin components any more stringently than the amounts/
quantities present in a particular commercial normal alpha
olefin product unless explicitly stated.

A “heterocyclic compound” is a cyclic compound having
at least two different elements as ring member atoms. For
example, heterocyclic compounds may comprise rings con-
taining carbon and nitrogen (for example, tetrahydropyrrole),
carbon and oxygen (for example, tetrahydrofuran), or carbon
and sulfur (for example, tetrahydrothiophene), among others.
Heterocyclic compounds and heterocyclic groups may be
either aliphatic or aromatic.

A “heterocyclyl group” is a univalent group formed by
removing a hydrogen atom from a heterocyclic ring or ring
system carbon atom of a heterocyclic compound. By speci-
fying that the hydrogen atom is removed from a heterocyclic
ring or ring system carbon atom, a “heterocyclyl group” is
distinguished from a “cycloheteryl group,” in which a hydro-
gen atom is removed from a heterocyclic ring or ring system
heteroatom. For example, a pyrrolidin-2-yl group illustrated
below is one example of a “heterocyclyl group,” and a pyrro-
lidin-1-y1 group illustrated below is one example of a “cyclo-
heteryl” group.”

& O

pyrrolidin-2-yl pyrrolidin-1-yl
"heterocyclyl "cycloheteryl
group” group”

Similarly, a “heterocyclylene group” or more simply, a “het-
erocyclene group,” refers to a group formed by removing two
hydrogen atoms from a heterocyclic compound, at least one
of which is from a heterocyclic ring or ring system carbon.
Thus, in a “heterocyclylene group,” at least one hydrogen is
removed from a heterocyclic ring or ring system carbon atom,
and the other hydrogen atom can be removed from any other
carbon atom, including for example, the same heterocyclic
ring or ring system carbon atom, a different heterocyclic ring
orring system ring carbon atom, or a non-ring carbon atom. A
“heterocyclic group” refers to a generalized group formed by
removing one or more hydrogen atoms (as necessary for the
particular group and at least one of which is a heterocyclic
ring carbon atom) from a heterocyclic compound. Generally,
a heterocyclic compound may be aliphatic or aromatic unless
otherwise specified.
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A “cycloheteryl group” is a univalent group formed by
removing a hydrogen atom from a heterocyclic ring or ring
system heteroatom of a heterocyclic compound, as illus-
trated. By specitying that the hydrogen atom is removed from
a heterocyclic ring or ring system heteroatom and not from a
ring carbon atom, a “cycloheteryl group” is distinguished
from a “heterocyclyl group” in which a hydrogen atom is
removed from a heterocyclic ring or ring system carbon atom.
Similarly, a “cycloheterylene group” refers to a group formed
by removing two hydrogen atoms from an heterocyclic com-
pound, at least one of which is removed from a heterocyclic
ring or ring system heteroatom of'the heterocyclic compound;
the other hydrogen atom can be removed from any other
atom, including for example, a heterocyclic ring or ring sys-
tem ring carbon atom, another heterocyclic ring or ring sys-
tem heteroatom, or a non-ring atom (carbon or heteroatom). A
“cyclohetero group” refers to a generalized group formed by
removing one or more hydrogen atoms (as necessary for the
particular group and at least one of which is from a heterocy-
clic ring or ring system heteroatom) from a heterocyclic com-
pound.

An aliphatic compound is an acyclic or cyclic, saturated or
unsaturated carbon compound, excluding aromatic com-
pounds. Thus, an aliphatic compound is an acyclic or cyclic,
saturated or unsaturated carbon compound, excluding aro-
matic compounds; that is, an aliphatic compound is a non-
aromatic organic compound. An “aliphatic group” is a gen-
eralized group formed by removing one or more hydrogen
atoms (as necessary for the particular group) from the carbon
atom of an aliphatic compound. Thus, an aliphatic compound
is an acyclic or cyclic, saturated or unsaturated carbon com-
pound, excluding aromatic compounds. That is, an aliphatic
compound is a non-aromatic organic compound. Aliphatic
compounds and therefore aliphatic groups may contain
organic functional group(s) and/or atom(s) other than carbon
and hydrogen.

An aromatic compound is a compound containing a cycli-
cally conjugated double bond system that follows the Hiickel
(4n+2) rule and contains (4n+2) pi-electrons, where n is an
integer from 1 to 5. Aromatic compounds include “arenes”
(hydrocarbon aromatic compounds) and “heteroarenes,” also
termed “hetarenes” (heteroaromatic compounds formally
derived from arenes by replacement of one or more methine
(—C=) carbon atoms of the cyclically conjugated double
bond system with a trivalent or divalent heteroatoms, in such
a way as to maintain the continuous pi-electron system char-
acteristic of an aromatic system and a number of out-of-plane
pi-electrons corresponding to the Hiickel rule (4n+2). While
arene compounds and heteroarene compounds are mutually
exclusive members of the group of aromatic compounds, a
compound that has both an arene group and a heteroarene
group are generally considered a heteroarene compound.
Aromatic compounds, arenes, and heteroarenes can be mono-
cyclic (e.g., benzene, toluene, furan, pyridine, methylpyri-
dine) or polycyclic unless otherwise specified. Polycyclic
aromatic compounds, arenes, and heteroarenes, include,
unless otherwise specified, compounds wherein the aromatic
rings can be fused (e.g., naphthalene, benzofuran, and
indole), compounds where the aromatic groups can be sepa-
rate and joined by a bond (e.g., biphenyl or 4-phenylpyri-
dine), or compounds where the aromatic groups are joined by
a group containing linking atoms (e.g., carbon—the methyl-
ene group in diphenylmethane; oxygen—diphenyl ether;
nitrogen—triphenyl amine; among others linking groups). As
disclosed herein, the term “substituted” can be used to
describe an aromatic group, arene, or heteroarene wherein a
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non-hydrogen moiety formally replaces a hydrogen in the
compound, and is intended to be non-limiting.

An “aromatic group” refers to a generalized group formed
by removing one or more hydrogen atoms (as necessary for
the particular group and at least one of which is an aromatic
ring carbon atom) from an aromatic compound. For a univa-
lent “aromatic group,” the removed hydrogen atom must be
from an aromatic ring carbon. For an “aromatic group”
formed by removing more than one hydrogen atom from an
aromatic compound, at least one hydrogen atom must be from
an aromatic hydrocarbon ring carbon. Additionally, an “aro-
matic group” may have hydrogen atoms removed from the
same ring of an aromatic ring or ring system (e.g., phen-1,4-
ylene, pyridin-2,3-ylene, naphth-1,2-ylene, and benzofuran-
2,3-ylene), hydrogen atoms removed from two different rings
of'aring system (e.g., naphth-1,8-ylene and benzofuran-2,7-
ylene), or hydrogen atoms removed from two isolated aro-
matic rings or ring systems (e.g., bis(phen-4-ylene)methane).

An arene is aromatic hydrocarbon, with or without side
chains (e.g. benzene, toluene, or xylene, among others. An
“aryl group” is a group derived from the formal removal of a
hydrogen atom from an aromatic ring carbon of an arene. It
should be noted that the arene may contain a single aromatic
hydrocarbon ring (e.g., benzene, or toluene), contain fused
aromatic rings (e.g., naphthalene or anthracene), and contain
one or more isolated aromatic rings covalently linked via a
bond (e.g., biphenyl) or non-aromatic hydrocarbon group(s)
(e.g., diphenylmethane). One example of an “aryl group” is
ortho-tolyl (o-tolyl), the structure of which is shown here.

CH;

Similarly, an “arylene group” refers to a group formed by
removing two hydrogen atoms (at least one of which is from
an aromatic ring carbon) from an arene. An “arene group”
refers to a generalized group formed by removing one or more
hydrogen atoms (as necessary for the particular group and at
least one of which is an aromatic ring carbon) from an arene.
However, if a group contains separate and distinct arene and
heteroarene rings or ring systems (e.g. the phenyl and benzo-
furan moieties in 7-phenylbenzofuran) its classification
depends upon the particular ring or ring system from which
the hydrogen atom was removed, that is, an arene group if the
removed hydrogen came from the aromatic hydrocarbon ring
or ring system carbon atom (e.g. the 2 carbon atom in the
phenyl group of 6-phenylbenzofuran and a heteroarene group
if the removed hydrogen carbon came from a heteroaromatic
ring or ring system carbon atom (e.g. the 2 or 7 carbon atom
of the benzofuran group or 6-phenylbenzo-furan). It should
be noted that according the definitions provided herein, gen-
eral arene groups (including an aryl group and an areylene
group) include those having zero, one, or more than one
hydrocarby! substituent groups located on an aromatic hydro-
carbon ring or ring system carbon atom (e.g a toluene group
or a xylene group, among others) and is a member of the
group of hydrocarbon groups. However, a phenyl group (or
phenylene group) and/or a naphthyl group (or naphthylene
group) refer to the specific unsubstituted arene groups (in-
cluding no hydrocarbyl group located on an aromatic hydro-
carbon ring or ring system carbon atom). Consequently, a
substituted phenyl group or substituted naphthyl group refers
to the respective arene group having one or more substituent
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groups (including halogens, hydrocarbyl groups, or hydro-
carboxy groups, among others) located on an aromatic hydro-
carbon ring or ring system carbon atom. When the substituted
phenyl group and/or substituted naphtyl group is a member of
the group of hydrocarbon groups (or a member of the general
group of arene groups), each substituent is limited to a hydro-
carbyl substituent group. One having ordinary skill in the art
can readily discern and select general phenyl and/or naphthyl
groups, specific phenyl and/or naphthyl groups, and/or indi-
vidual substituted phenyl or substituted naphthyl groups
which can be utilized as a member of the group of hydrocar-
bon groups (or a member of the general group of arene
groups).

A heteroarene is aromatic compound, with or without side
chains, having a heteroatom within the aromatic ring or aro-
matic ring system (e.g. pyridene, indole, or benzofuran,
among others). A “heteroaryl group” is a class of “heterocy-
clyl group” and is a univalent group formed by removing a
hydrogen atom from a heteroaromatic ring or ring system
carbon atom of a heteroarene compound. By specifying that
the hydrogen atom is removed from a ring carbon atom, a
“heteroaryl group” is distinguished from an “arylheteryl
group,” in which a hydrogen atom is removed from a het-
eroaromatic ring or ring system heteroatom. For example, an
indol-2-yl group illustrated below is one example of a “het-
eroaryl group,” and an indol-1-yl group illustrated below is
one example of an “arylheteryl” group.”

3k
0 /
N N
J /
indol-2-yl indol-1-yl

"heteroaryl group” "arylheteryl group”

Similarly, a “heteroarylene group” refers to a group formed
by removing two hydrogen atoms from a heteroarene com-
pound, at least one of which is from a heteroarene ring or ring
system carbon atom. Thus, in a “heteroarylene group,” at least
one hydrogen is removed from a heteroarene ring or ring
system carbon atom, and the other hydrogen atom can be
removed from any other carbon atom, including for example,
a heteroarene ring or ring system carbon atom, or a non-
heteroarene ring or ring system atom. A “heteroarene group”
refers to a generalized group formed by removing one or more
hydrogen atoms (as necessary for the particular group and at
least one of which is a heteroarene ring or ring system carbon
atom) from a heteroarene compound. If a hydrogen atom is
removed from a heteroaromatic ring or ring system heteroa-
tom and from a heteroaromatic ring or ring system carbon
atom or an aromatic hydrocarbon ring or ring system carbon
atom, the group is classified as an “arylheterylene group” or
an “arylhetero group.”

An “arylheteryl group” is a class of “cycloheteryl group”
and is a univalent group formed by removing a hydrogen atom
from a heteroaromatic ring or ring system heteroatom, as
illustrated. By specifying that the hydrogen atom is removed
from of a heteroaromatic ring or ring system heteroatom and
not from a heteroaromatic ring or ring system carbon atom, an
“arylheteryl group” is distinguished from a “heteroaryl
group” in which a hydrogen atom is removed from a het-
eroaromatic ring or a ring system carbon atom. Similarly, an
“arylheterylene group” refers to a group formed by removing
two hydrogen atoms from a heteroaryl compound, at least one
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of which is removed from a heteroaromatic ring or ring sys-
tem heteroatom of the heteroaryl compound; the other hydro-
gen atom can be removed from any other atom, including for
example, a heteroaromatic ring or ring system carbon atom,
another heteroaromatic ring or ring system heteroatom, or a
non-ring atom (carbon or heteroatom) from a heteroaromatic
compound. An “arylhetero group” refers to a generalized
group formed by removing one or more hydrogen atoms (as
necessary for the particular group and at least one of which is
from a heteroaromatic ring or ring system) heteroatom from a
heteroarene compound.

An “aralkyl group” is an aryl-substituted alkyl group hav-
ing a free valance at a non-aromatic carbon atom (e.g. a
benzyl group, or a 2-phenyleth-1yl group, among others).
Similarly, an “aralkylene group” is an aryl-substituted alky-
lene group having two free valencies at a single non-aromatic
carbon atom or a free valence at two non-aromatic carbon
atoms while an “aralkane group” is a generalized is an aryl-
substituted alkane group having one or more free valencies at
a non-aromatic carbon atom(s). A “heteroaralkyl group” is a
heteroaryl-substituted alkyl group having a free valence at a
non-heteroaromatic ring or ring system carbon atom. Simi-
larly a “heteroaralkylene group” is a heteroaryl-substituted
alkylene group having two free valencies at a single non-
heteroaromatic ring or ring system carbon atom or a free
valence at two non-heteroaromatic ring or ring system carbon
atoms while a “heteroaralkane group” is a generalized aryl-
substituted alkane group having one or more free valencies at
a non-heteroaromatic ring or ring system carbon atom(s). It
should be noted that according the definitions provided
herein, general aralkane groups include those having zero,
one, or more than one hydrocarbyl substituent groups located
on an aralkane aromatic hydrocarbon ring or ring system
carbon atom and is a member of the group of hydrocarbon
groups. However, specific aralkane groups specifying a par-
ticular aryl group (e.g. the phenyl group in a benzyl group or
a 2-phenylethyl group, among others) refer to the specific
unsubstituted aralkane groups (including no hydrocarbyl
group located on the aralkane aromatic hydrocarbon ring or
ring system carbon atom). Consequently, a substituted aral-
kane group specifying a particular aryl group refers to a
respective aralkane group having one or more substituent
groups (including halogens, hydrocarbyl groups, or hydro-
carboxy groups, among others). When the substituted aral-
kane group specifying a particular aryl group is a member of
the group of hydrocarbon groups (or a member of the general
group of aralkane groups), each substituent is limited to a
hydrocarbyl substituent group. One can readily discern and
select substituted aralkane groups specifying a particular aryl
group which can be utilized as a member of the group of
hydrocarbon groups (or a member of the general group of
aralkane groups).

A “halide” has its usual meaning; therefore, examples of
halides include fluoride, chloride, bromide, and iodide.

An “organoheteryl group” is a univalent group containing
carbon, which are thus organic, but which have their free
valence at an atom other than carbon. Thus, organoheteryl and
organyl groups are complementary and mutually exclusive.
Organoheteryl groups can be cyclic or acyclic, and/or ali-
phatic or aromatic, and thus encompasses aliphatic “cyclohe-
teryl groups” (e.g. pyrrolidin-1-yl or morpholin-1-yl, among
others), aromatic “arylheteryl groups”(e.g. pyrrol-1-yl or
indol-1-yl, among others), and acyclic groups (e.g. orga-
nylthio, trihydrocarbylsilyl, aryloxy, or alkoxy, among oth-
ers). Similarly, an “organoheterylene group” is a divalent
group containing carbon and at least one heteroatom having
two free valencies, at least one of which is at a heteroatom. An
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“organohetero group” is a generalized group containing car-
bon and at least one heteroatom having one or more free
valencies (as necessary for the particular group and at least
one of which is at a heteroatom) from an organohetero com-
pound.

An “oxygen group,” also called an “oxygen-bonded
group,” is a chemical moiety having at least one free valence
on an oxygen atom. Exemplary “oxygen groups” include, but
are not limited to, hydroxy (—OH), —OR, —OC(O)R,
—OSiR;, —OPR,, —O0AIR,, —OSiR,, —OGeR;,
—OSnR;, —0OSO,R, —OSO,0R, —OBR,, —OB(OR),,
—OAIR,, —0GaR,, —OP(O)R,, —OAs(O)R,, —OAIR,,
and the like, including substituted analogs thereof. In an
“oxygen group” having more than one free valency, the other
free valencies may be on atom(s) other than oxygen, for
example carbon, in accord with the rules of chemical struc-
ture and bonding.

A “sulfur group,” also called a “sulfur-bonded group,” is a
chemical moiety having at least one free valence on a sulfur
atom. Exemplary “sulfur group(s)” include, but are not lim-
ited to, —SR, —SCN, —S(O)R, —SO,R, and the like,
including substituted analogs thereof. In a “sulfur group”
having more than one free valency, the other free valencies
may be on atom(s) other than sulfur, for example carbon, in
accord with the rules of chemical structure and bonding.

A “nitrogen group,” also called a “nitrogen-bonded group,”
is a chemical moiety having at least one free valence on a
nitrogen atom. Exemplary “nitrogen groups” include, but are
not limited to, an aminyl group (—NH,), an N-substituted
aminyl group (—NRH), an N,N-disubstituted aminyl group
(—NR,), a hydrazido group (—NHNH,), an N*-substituted
hydrazido group (—NRNH,), an N2-substituted hydrazido
group (—NHNRH), an N* N*-disubstituted hydrazido group
(—NHNR,), a nitro group (—NO,), an azido group (—Nj),
an amidyl group (—NHC(O)R), an N-substituted amido
group (—NRC(O)R), and the like, including substituted ana-
logs thereof. In a “nitrogen group” having more than one free
valency, the other free valencies may be on any atom(s) in the
group in accord with the rules of chemical structure and
bonding, including atoms other than nitrogen, for example,
carbon.

A “phosphorus group,” also called a “phosphorus-bonded
group,” is a chemical moiety having at least one free valence
on a phosphorus atom. Exemplary “phosphorous groups
include, but are not limited to, —PR,, —P(O)R,, —P(OR),,
—P(O)(OR),, —P(NR,),, —P(O)(NR,),, and the like,
including substituted analogs thereof. In a “phosphorus
group” having more than one free valency, the other free
valencies may be on any atom(s) in the group in accord with
the rules of chemical structure and bonding, including atoms
other than phosphorus, for example, carbon.

For each of the specific groups in which the free valency is
situated on a heteroatom (non-carbon atom), such as the
“oxygen group,” “sulfur group,” “nitrogen group,” “phospho-
rus group,” can include a general “R” moiety. In each instance
and unless other wise specified, R in a “oxygen group,” “sul-
fur group,” “nitrogen group,” “phosphorus group,” can be a
C, to C,, organyl group; alternatively, a C, to C,, hydrocarbyl
group; alternatively, a C, to C,, alkyl group; alternatively, a
C, to C,, aliphatic group; alternatively, a C, to C,, cycloalkyl
group; alternatively, a C, to C,, alkenyl group; alternatively,
a C, to C,, alkynyl group; alternatively, a C, to C,, aromatic
group; alternatively, C, to C,, an aryl group; alternatively, a
C; to C, heterocyclyl group; alternatively, a C; to C,, cyclo-
heteryl group; alternatively, a C; to C,, heteroaryl group;
alternatively, an C; to C,, arylheteryl group; alternatively, an
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C, to C,, organoheteryl group; alternatively, an C, to C,,
aralkyl group; or alternatively, a Cs to C,, heteroaralkyl
group.

An “organoaluminum compound,” is used to describe any
compound that contains an aluminum-carbon bond. Thus,
organoaluminum compounds include hydrocarbyl aluminum
compounds such as trialkyl-, dialkyl-, or monoalkylalumi-
num compounds; hydrocarbyl alumoxane compounds, and
aluminate compounds which contain an aluminum-organyl
bond such as tetrakis(p-tolyl)aluminate salts.

Within this disclosure the normal rules of organic nomen-
clature will prevail. For instance, when referencing substi-
tuted compounds or groups, references to substitution pat-
terns are taken to indicate that the indicated group(s) is (are)
located at the indicated position and that all other non-indi-
cated positions are hydrogen. For example, reference to a
4-substituted phenyl group indicates that there is a non-hy-
drogen substituent located at the 4 position and hydrogens
located at the 2, 3, 5, and 6 positions. By way of another
example, reference to a 3-substituted naphth-2-yl indicates
that there is a non-hydrogen substituent located at the 3 posi-
tion and hydrogens located atthe 1, 4, 5, 6, 7, and 8 positions.
References to compounds or groups having substitutions at
positions in addition to the indicated position will be refer-
ence using comprising or some other alternative language.
For example, a reference to a phenyl group comprising a
substituent at the 4 position refers to a group having a non-
hydrogen atom at the 4 position and hydrogen or any non-
hydrogen group at the 2, 3, 5, and 6 positions.

The term “reactor effluent,” and it derivatives (e.g. oligo-
merization reactor effluent) generally refers to all the material
which exits the reactor. The term “reactor effluent,” and its
derivatives, can also be prefaced with other descriptors that
limit the portion of the reactor effluent being referenced. For
example, while the term “reactor effluent” would refer to all
material exiting the reactor (e.g. product and solvent or dilu-
ent, among others), the term “olefin reactor effluent” refers to
the effluent of the reactor which contains an olefin (i.e. car-
bon-carbon) double bond.

The term “oligomerization,” and its derivatives, refers to
processes which produce a mixture of products containing at
least 70 weight percent products containing from 2 to 30
monomer units. Similarly, an “oligomer” is a product that
contains from 2 to 30 monomer units while an “oligomeriza-
tion product” includes all product made by the “oligomeriza-
tion” process including the “oligomers” and products which
are not “oligomers” (e.g. product which contain more than 30
monomer units). It should be noted that the monomer units in
the “oligomer” or “oligomerization product” do not have to
be the same. For example, an “oligomer” or “oligomerization
product” of an “oligomerization” process using ethylene and
propylene as monomers can contain both ethylene and/or
propylene units.

The term ““trimerization,” and it derivatives, refers to a
process which produces a mixture of products containing at
least 70 weight percent products containing three and only
three monomer units. A “trimer” is a product which contains
three and only three monomer units while a “trimerization
product” includes all products made by the trimerization pro-
cess including trimer and product which are not trimer (e.g.
dimers or tetramers). Generally, an olefin trimerization
reduces number of olefinic bonds, i.e., carbon-carbon double
bonds, by two when considering the number of olefin bonds
in the monmer units and the number of olefin bonds in the
trimer. It should be noted that the monomer units in the
“trimer” or “trimerization product” do not have be the same.
For example, a “trimer” of a “trimerization” process using
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ethylene and butene as monomers can contain ethylene and/or
butene monomer units. That is to say the “trimer” will include
Cq, Cq, C g, and C, , products. In another example, a “trimer”
of a “trimerization” process using ethylene as the monomer
can contain ethylene monomer units. It should also be noted
that a single molecule can contain two monomer units. For
example, dienes such as 1,3-butadiene and 1.4-pentadiene
have two monomer units within one molecule.

The term “tetramerization,” and it derivatives, refers to a
process which produces a mixture of products containing at
least 70 weight percent products containing four and only
four monomer units. A “tetramer” is a product which contains
four and only four monomer units while a “tetramerization
product” includes all products made by the tetramerization
process including tetramer and product which are not tet-
ramer (e.g. dimers or trimer). Generally, an olefin tetramer-
ization reduces number of olefinic bonds, i.e., carbon-carbon
double bonds, by three when considering the number of olefin
bonds in the monmer units and the number of olefin bonds in
the tetramer. It should be noted that the monomer units in the
“tetramer” or “tetramerization product” do not have be the
same. For example, a “tetramer” of a “tetramerization” pro-
cess using ethylene and butene as monomers can contain
ethylene and/or butene monomer units. In an example, a
“tetramer” of a “tetramerization” process using ethylene as
the monomer can contain ethylene monomer units. It should
also be noted that a single molecule can contain two monomer
units. For example, dienes such as 1,3-butadiene and 1,4-
pentadiene have two monomer units within one molecule.

The term “trimerization and tetramerization,” and it deriva-
tives, refers to a process which produces a mixture of products
containing at least 70 weight percent products containing
three and/or four and only three and/or four monomer units. A
“trimerization and tetramerization product” includes all prod-
ucts made by the “trimerization and tetramerization” process
including trimer, tetramer, and product which are not tetramer
(e.g. dimers). In an example, a “trimerization and tetramer-
ization” process using ethylene as the monomer produces a
mixture of products containing at least 70 weight percent
hexene and/or octene.

The term or variation of the terms an “oligomerized prod-
uct having X carbon atoms” and “C_ oligomer product,”
wherein X can be any positive non-zero integer, refers to
materials produced by monomer oligomerization which have
X carbon atoms. Thus, the term oligomerized product having
X carbon atoms excludes materials having X carbon atoms
which were not produced by the olefin oligomerization (e.g.
solvent). These terms can also include other descriptive
words (e.g. olefin, liquid, and mixture, among others) without
detracting from the essence of the term referring to materials
having X carbon atoms, produced by monomer oligomeriza-
tion, and fitting the additional descriptive terms.

Catalyst system activity is defined as grams of a product
produced per gram of metal of the metal salt or the N*-phos-
phinyl amidine metal salt complex utilized in the catalyst
system over the first 30 minutes of an oligomerization or
polymerization reaction beginning from the time when the
complete catalyst system is contacted with the olefin. Catalyst
system activity can be stated in terms of various products of
an olefin oligomerization or polymerization. For example in
an ethylene trimerization and tetramerization process utiliz-
ing a chromium based catalyst system, catalyst system activi-
ties which can be utilized include (g C)/(g Cr), (g C4)/(g Cr),
(Ce+Cy)/(g Cr), (g ethylene oligomer)/(g Cr), and (total prod-
uct)/(g Cr), among other activities.

This disclosure encompasses N-phosphinyl amidine com-
pounds, methods for making N*-phosphinyl amidine com-

20

35

40

45

50

55

60

65

20

pounds, metal salt complexes comprising N>-phosphinyl
amidine compounds, methods of making metal salt com-
plexes comprising N-phosphinyl amidine compounds, cata-
lyst systems comprising N*-phosphinyl amidine compounds,
methods of making catalyst systems comprising N*-phosphi-
nyl amidine compounds, and methods of oligomerizing ole-
fins utilizing catalysts system comprising N2-phosphinyl
amidine compounds, among other aspects an embodiments.
These aspects of this disclosure are further described herein.
While these aspects may be disclosed under these headings,
the heading does not limit the disclosure found therein. Addi-
tionally the various aspects and embodiments disclosed
herein can be combined in any manner.

Generally, the N*-phosphinyl amidine compounds encom-
passed by this disclosure have at least one N*-phosphinyl
amidine group. In an embodiment, the N*-phosphinyl ami-
dine compounds comprise only one N2-phosphinyl amidine;
or alternatively, comprise only two N*-phosphinyl amidine
groups.

In an aspect, the compounds encompassed by the present
disclosure include an NZ-phosphinyl amidine compound.
Generally, the N*-phosphinyl amidine compounds encom-
passed by this disclosure comprise an N*-phosphinyl amidine
group; or alternatively, comprise two N2-phosphinyl amidine
groups. In an embodiment, the N*-phosphinyl amidine com-
pounds comprise only one N*-phosphinyl amidine group; or
alternatively, comprise only two NZ-phosphinyl amidine
groups. In an embodiment, the compounds, regardless of the
number of N*-phosphinyl amidine groups, or structure, can
be non-metallic (i.e., a non-metallic N*-phosphinyl amidine
compound or a non-metallic compound having an N>-phos-
phinyl amidine group). In some embodiments, the amidine
group of the N*-phosphinyl amidine compounds is an acyclic
amidine group (an amidine group wherein the two nitrogen
atoms and the central carbon atom of the amine group are not
contained in a ring).

In an aspect, the N*>-phosphinyl amidine compound may
have Structure NP1, NP2, NP3, NP4, NP5, NP6, NP7, NP8,
NP9, NP10, NP11, NP13, NP15, NP16, NP18, or NP20;
alternatively, Structure NP1, NP2, NP3, NP4, or NP5; alter-
natively, NP6, NP7, NP8, NP9, or NP10; alternatively, NP11,
NP13, or NP15; alternatively, NP16, NP18, or NP20; alter-
natively, Structure NP1; alternatively, Structure NP2; alter-
natively, Structure NP3; alternatively, Structure NP4; alter-
natively, Structure NPS5; alternatively, NP6; alternatively,
NP7; alternatively, NP8; alternatively, NP9; alternatively,
NP10; alternatively, Structure NP11; alternatively, Structure
NP13; alternatively, Structure NP15; alternatively, NP16;
alternatively, NP18; or alternatively, NP20.

Structure NP1
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-continued

Structure NP11

Structure NP13

Structure NP15

Structure NP16

Structure NP18

Structure NP20

In an embodiment, the N*-phosphinyl amidine compound
comprising only one N2-phosphinyl amidine group can be
characterized by having the Structure NP1, NP6, NP11, or
NP16; alternatively, Structure NP1 or NP6; alternatively,
Structure NP11 or NP16; alternatively, Structure NP1 or
NP11; or alternatively, Structure NP6 or NP16. In an embodi-
ment, the N*-phosphinyl amidine compound comprising only
two N2-phosphinyl amidine groups can be characterized by
having Structure NP2, NP3, NP8, NP13, or NP18; alterna-
tively, Structure NP2, NP3, or NP8; alternatively, Structure
NP13, or NP18; alternatively, Structure NP2 or NP3; alterna-
tively, Structure NP3 or NP13; or alternatively, Structure NP8
or NP18. In other embodiments, N*-phosphinyl amidine
compounds having at least one N*-phosphinyl amidine group
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can be characterized by having the Structure NP4 NP5, NP9,
NP10, NP15, or NP20; alternatively, Structure NP4, NP5,
NP9, or NP10; alternatively, Structure NP15, or NP20; alter-
natively, Structure NP4 or NP5; alternatively, Structure NP9
or NP10; alternatively, Structure NP5 or NP15; or alterna-
tively, Structure NP10 or NP20. R', R?, R®, R*, R®, D!, D?,
L', L% L? Q' q, and r within N*-phosphinyl amidine com-
pound Structures NP1-NP10, NP11, NP13, NP15, NP16,
NP18, and/or NP20 are independently described herein and
can be utilized without limitation further describe the
NZ2-phosphinyl amidine compounds having Structures NP1-
NP10, NP11, NP13, NP15, NP16, NP18, and/or NP20. In
other embodiments, the N*-phosphinyl amidine compounds
can have any specific structure disclosed herein.

Generally, R' can be an organyl group; alternatively, an
organyl group consisting essentially of inert functional
groups; or alternatively, a hydrocarbyl group. In an embodi-
ment, R' can be a C, to C,, organyl group; alternatively, a C,
to C,, organyl group; alternatively, a C, to C, 5 organyl group;
alternatively, a C, to C,, organyl group; or alternatively, a C,
to C, organyl group. In an embodiment, R* can be a C, to C,,
organyl group consisting essentially of inert functional
groups; alternatively, a C, to C,, organyl group consisting
essentially of inert functional groups; alternatively, a C, to
C, 5 organyl group consisting essentially of inert functional
groups; alternatively, a C, to C,,, organyl group consisting
essentially of inert functional groups; or alternatively, a C, to
C; organyl group consisting essentially of inert functional
groups. In an embodiment, R* can be a C, to C,, hydrocarbyl
group; alternatively, a C, to C,, hydrocarbyl group; alterna-
tively, a C, to C, shydrocarbyl group; alternatively,aC, to C,
hydrocarbyl group; or alternatively, a C, to Cs hydrocarbyl
group. In yet other embodiments, R* can be a C; to C,,
aromatic group; alternatively, a C; to C,, aromatic group;
alternatively, a C; to C, s aromatic group; or alternatively, a C,
to C,, aromatic group.

Inan aspect, R' can be a C, to Cs, alkyl group, a C, to C5,
cycloalkyl group, a C, to C;,, substituted cycloalkyl group, a
C; to C, aliphatic heterocyclic group, a C; to C,, substituted
aliphatic heterocyclic group, a C4 to C,, aryl group, a C, to
C,, substituted aryl group, a C; to C,, heteroaryl group, or a
C, to C,, substituted heteroaryl group; alternatively, a C, to
C;, alkyl group, a C, to C,, cycloalkyl group, a C, to Cs
substituted cycloalkyl group, a C4 to C,, aryl group, oraCg to
C,, substituted aryl group; alternatively, a C, to Cs;q
cycloalkyl group or a C, to C;, substituted cycloalkyl group;
alternatively, a C; to C,, aliphatic heterocyclic group ora C,
to C,, substituted aliphatic heterocyclic group; alternatively,
a C, to C;q aryl group or a C to C;, substituted aryl group;
alternatively, a C; to C;, heteroaryl group or a C; to Cs;
substituted heteroaryl group; alternatively, a C, to C;, alkyl
group; alternatively, a C, to C;, cycloalkyl group; alterna-
tively, a C, to C,, substituted cycloalkyl group; alternatively,
a C; to C;, aliphatic heterocyclic group; alternatively, a C; to
C,, substituted aliphatic heterocyclic group; alternatively, a
C,to C,, aryl group; alternatively, a C;to C,, substituted aryl
group; alternatively, a C; to C,, heteroaryl group; or alterna-
tively, a C; to C,, substituted heteroaryl group. In an embodi-
ment, R canbe a C, to C, 5 alkyl group, a C,, to C,, cycloalkyl
group, a C, to C,, substituted cycloalkyl group, a C; to C,
aliphatic heterocyclic group, a C, to C,, substituted aliphatic
heterocyclic group, a C4 to C,, aryl group, a C, to C,q sub-
stituted aryl group, a C; to C, heteroaryl group, oraC;t0 C,,
substituted heteroaryl group; alternatively, a C, to C, 5 alkyl
group, a C, to C,, cycloalkyl group, a C, to C,, substituted
cycloalkyl group, a C4 to C,, aryl group, or a Cg to C,
substituted aryl group; alternatively, a C, to C,, cycloalkyl
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group or a C, to C,, substituted cycloalkyl group; alterna-
tively, a C; to C,, aliphatic heterocyclic group or a C; to C,,
substituted aliphatic heterocyclic group; alternatively, a C4 to
C,, aryl group or a Cg to C,,, substituted aryl group; alterna-
tively, a C; to C,, heteroaryl group or a C; to C,, substituted
heteroaryl group; alternatively, a C, to C, 5 alkyl group; alter-
natively, a C, to C,, cycloalkyl group; alternatively, a C, to
C,, substituted cycloalkyl group; alternatively, a C; to C,
aliphatic heterocyclic group; alternatively, a C; to C,, substi-
tuted aliphatic heterocyclic group; alternatively, a C, to C,
aryl group; alternatively, a C, to C,, substituted aryl group;
alternatively, a C; to C,, heteroaryl group; or alternatively, a
C, to C,, substituted heteroaryl group. In other embodiments,
R! can be a C, to C,, alkyl group, a C, to C, cycloalkyl
group, a C, to C, 5 substituted cycloalkyl group, a C; to C;
aliphatic heterocyclic group, a C; to C, 5 substituted aliphatic
heterocyclic group, a C4to C, 5 aryl group, a C, to C, 5 sub-
stituted aryl group, a C; to C, 5 heteroaryl group, oraC;to C, 5
substituted heteroaryl group; alternatively, a C, to C,,, alkyl
group, a C, to C, 5 cycloalkyl group, a C, to C,5 substituted
cycloalkyl group, a C4 to C,5 aryl group, or a Cy to C, 5
substituted aryl group; alternatively, a C, to C, 5 cycloalkyl
group or a C, to C,; substituted cycloalkyl group; alterna-
tively, a C; to C, 5 aliphatic heterocyclic group ora C; to C, 5
substituted aliphatic heterocyclic group; alternatively, a C4 to
C,s aryl group or a C, to C, 5 substituted aryl group; alterna-
tively, a C; to C, 5 heteroaryl group or a C; to C, 5 substituted
heteroaryl group; alternatively, a C, to C,, alkyl group; alter-
natively, a C, to C, 5 cycloalkyl group; alternatively, a C, to
C, 5 substituted cycloalkyl group; alternatively, a C; to C,
aliphatic heterocyclic group; alternatively, a C; to C, 5 substi-
tuted aliphatic heterocyclic group; alternatively, a C4to C, 5
aryl group; alternatively, a C, to C, 5 substituted aryl group;
alternatively, a C; to C 5 heteroaryl group; or alternatively, a
C, to C, substituted heteroaryl group. In further embodi-
ments, R* can be a C, to Cs alkyl group.

In an embodiment, R' can be a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl
group, a undecyl group, a dodecyl group, a tridecyl group, a
tetradecyl group, a pentadecyl group, a hexadecyl group, a
heptadecyl group, an octadecyl group, or a nonadecyl group;
or alternatively, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, or a decyl group. In
some embodiments, R* can be a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl group, an
iso-butyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an iso-pentyl group, a sec-pentyl group, or a
neopentyl group; alternatively, a methyl group, an ethyl
group, an iso-propyl group, a tert-butyl group, or a neopentyl
group; alternatively, a methyl group; alternatively, an ethyl
group; alternatively, an n-propyl group; alternatively, an iso-
propyl group; alternatively, a tert-butyl group; or alterna-
tively, a neopentyl group. In some embodiments, the alkyl
groups which can be utilized as R* can be substituted. Each
substituent of a substituted alkyl group independently can be
a halogen or a hydrocarboxy group; alternatively, a halogen;
or alternatively, a hydrocarboxy group. Halogens and hydro-
carboxy groups that can be utilized as substituents are inde-
pendently disclosed herein and can be utilized without limi-
tation to further describe the substituted alkyl group which
can be utilized as R*.

In an embodiment, R* can be a cyclobutyl group, a substi-
tuted cyclobutyl group, a cyclopentyl group, a substituted
cyclopentyl group, a cyclohexyl group, a substituted cyclo-
hexyl group, a cycloheptyl group, a substituted cycloheptyl
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group, a cyclooctyl group, or a substituted cyclooctyl group.
In some embodiments, R' can be a cyclopentyl group, a
substituted cyclopentyl group, a cyclohexyl group, or a sub-
stituted cyclohexyl group. In other embodiments, R canbe a
cyclobutyl group or a substituted cyclobutyl group; alterna-
tively, a cyclopentyl group or a substituted cyclopentyl group;
alternatively, a cyclohexyl group or a substituted cyclohexyl
group; alternatively, a cycloheptyl group or a substituted
cycloheptyl group; or alternatively, a cyclooctyl group or a
substituted cyclooctyl group. In further embodiments, R* can
be a cyclopentyl group; alternatively, a substituted cyclopen-
tyl group; a cyclohexyl group; or alternatively, a substituted
cyclohexyl group. Substituents for the substituted cycloalkyl
group are independently disclosed herein and can be utilized
without limitation to further describe the substituted
cycloalkyl group which can be utilized as R*.

In an embodiment, each substituent for a substituted
cycloalkyl group (general or specific) that can be utilized as
R! independently can be a halogen, a hydrocarbyl group, or a
hydrocarboxy group; alternatively, a halogen or a hydrocar-
byl group; alternatively, a halogen or a hydrocarboxy group;
alternatively, a hydrocarbyl group or a hydrocarboxy group;
alternatively, a halogen; alternatively, a hydrocarbyl group; or
alternatively, a hydrocarboxy group. In some embodiments,
each substituent for a substituted cycloalkyl group (general or
specific) that can be utilized as R! independently can be a
halogen, an alkyl group, or an alkoxy group; alternatively, a
halogen or an alkyl group; alternatively, a halogen or an
alkoxy group; alternatively, an alkyl group or an alkoxy
group; alternatively, a halogen; alternatively, an alkyl group;
or alternatively, an alkoxy group. Specific substituent halo-
gens, hydrocarbyl groups, hydrocarboxy groups, alkyl group,
and alkoxy groups are independently disclosed herein and
can be utilized without limitation to further describe the sub-
stituents for a substituted cycloalkyl group (general or spe-
cific) that can be utilized as R*.

In an aspect, R! can have Structure G1:

Structure G1
RIZC Rl3c
Rl le
(CHa),
*
Rl4c RISC

wherein the undesignated valency is attached to the N* nitro-
gen atom of the N*-phosphinyl amidine group. Generally,
R''¢ R!?¢, R'3° R, and R'*° can independently be hydro-
gen or a non-hydrogen substituent, and n can be an integer
from 1 to 5. In an embodiment wherein R* has Structure G1,
R''¢ R3¢, R'*, and R'*° can be hydrogen and R'? can be
any non-hydrogen substituent disclosed herein; or alterna-
tively, R'*°, R'*¢ and R'*° can be hydrogen and R'*and R*#°
independently can be any non-hydrogen substituent disclosed
herein. In an embodiment, n can be an integer from 1 to 4; or
alternatively, from 2 to 4. In other embodiments, n can be 2 or
3; alternatively, 2; or alternatively, 3. Substituents for the R*
group having Structure G1 are independently disclosed
herein and can be utilized without limitation to further
describe the R! group having Structure G1.

In an embodiment, R'¢, R'2¢, R3¢, R'*¢ and R!'*° inde-
pendently can be hydrogen, a halogen, a hydrocarbyl group,
or a hydrocarboxy group; alternatively, hydrogen, a halogen,
or a hydrocarbyl group; alternatively, hydrogen, a halogen, or
ahydrocarboxy group; alternatively, hydrogen, a hydrocarbyl

10

15

20

25

30

35

40

45

50

55

60

65

26

group, or a hydrocarboxy group; alternatively, hydrogen or a
halogen; alternatively, hydrogen or a R'?°, hydrocarbyl
group; or alternatively, hydrogen or a hydrocarboxy group. In
some embodiments, R''°, R**°, R**°, and R'*° independently
can be hydrogen, a halogen, an alkyl group, or an alkoxy
group; alternatively, hydrogen, a halogen, or an alkyl group;
alternatively, hydrogen, a halogen, and an alkoxy group;
alternatively, hydrogen or a halogen; alternatively, hydrogen
or an alkyl group; or alternatively, hydrogen or an alkoxy
group. Specific substituent halogens, hydrocarbyl groups,
hydrocarboxy groups, alkyl groups, and alkoxy groups are
independently disclosed herein and can be utilized without
limitation to further describe the R group having Structure
Gl1.

Inan embodiment wherein R* has Structure G1, R''¢, R*?<,
R, and R'** can be hydrogen and R'*¢ can be any non-
hydrogen substituent indicated herein; or alternatively, R'*<,
R'*¢ and R'*° can be hydrogen and R'?° and R*° can be any
non-hydrogen substituent indicated herein. In some embodi-
ments, wherein R! has Structure G1, R''¢, R**, R'*, and
R'>¢ can be hydrogen and R**° can be any alkyl group, alkoxy
group, or halogen indicated herein; or alternatively, R'*<,
R3¢, and R'*° can be hydrogen and R'** and R'*° can be any
alkyl group, alkoxy group, or halogen indicated herein. In
other embodiments, wherein R' has Structure G1, R'!¢, R*3°,
R, and R**¢ can be hydrogen and R'?° can be any alkyl
group substituent indicated herein; or alternatively, R'**,
R3¢, and R'*° can be hydrogen and R'** and R'*° can be any
alkyl group substituent indicated herein. In another embodi-
ment wherein R* has Structure G1, R!!¢, R*2¢, R!3¢, R'*¢, and
R'%¢ can be hydrogen. In an embodiment, R''¢, R*2°, R'3,
R' and R*° independently can be hydrogen, or an alkyl
group; alternatively, R*<, R**, and R**° can be hydrogen and
R'*¢ and R'*¢ can be are alkyl groups; or alternatively, R''®
can be hydrogen and R*?°, R'*°, R**°, and R'>° can be alkyl
groups. Specific substituent halogens, hydrocarbyl groups,
hydrocarboxy groups, alkyl group, and alkoxy groups are
independently disclosed herein and can be utilized without
limitation to further describe the R group having Structure
Gl1.

Inan aspect, R' can be a phenyl group, a substituted phenyl
group, a naphthyl group, or a substituted naphthyl group. In
an embodiment, R* can be a phenyl group or a substituted
phenyl group; alternatively, a naphthyl group or a substituted
naphthyl group; alternatively, a phenyl group or a naphthyl
group; or alternatively, a substituted phenyl group or a sub-
stituted naphthyl group. In some embodiments, R* can be a
phenyl group; alternatively, a substituted phenyl group; alter-
natively, a naphthyl group; or alternatively, a substituted
naphthyl group.

In an embodiment, the R' substituted phenyl group can be
a 2-substituted phenyl group, a 3-substituted phenyl group, a
4-substituted phenyl group, a 2,4-disubstituted phenyl group,
a 2,6-disubstituted phenyl group, 3,5-disubstituted phenyl
group, or a 24.6-trisubstituted phenyl group. In other
embodiments, the R* substituted phenyl group can be a 2-sub-
stituted phenyl group, a 4-substituted phenyl group, a 2,4-
disubstituted phenyl group, a 2,6-disubstituted phenyl group,
or a 2,4,6-trisubstituted phenyl group; alternatively, a 2-sub-
stituted phenyl group, a 4-substituted phenyl group, a 2,4-
disubstituted phenyl group, or a 2,6-disubstituted phenyl
group; alternatively, a 3-substituted phenyl group or a 3,5-
disubstituted phenyl group; alternatively, a 2-substituted phe-
nyl group or a 4-substituted phenyl group; alternatively, a
2,4-disubstituted phenyl group, a 2,6-disubstituted phenyl
group, or a 2,4,6-trisubstituted phenyl group; alternatively, a
2,6-disubstituted phenyl group or a 2,4,6-trisubstituted phe-
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nyl group; alternatively, a 2,4-disubstituted phenyl group or a
2,6-disubstituted phenyl group; alternatively, a 2-substituted
phenyl group; alternatively, a 3-substituted phenyl group;
alternatively, a 4-substituted phenyl group; alternatively, a
2,4-disubstituted phenyl group; alternatively, a 2,6-disubsti-
tuted phenyl group; alternatively, a 3,5-disubstituted phenyl
group; or alternatively, a 2,4,6-trisubstituted phenyl group.

In an embodiment, R* can be a naphth-1-yl group, a sub-
stituted naphth-1-yl group, a naphth-2-yl group, or a substi-
tuted naphth-2-y1 group. In some embodiments, R* can be a
naphth-1-yl group or a substituted naphth-1-yl group; alter-
natively, a naphth-2-yl group or a substituted naphth-2-yl
group; alternatively, a naphth-1-yl group; alternatively, a sub-
stituted naphth-1-yl group; alternatively, a naphth-2-yl group;
or alternatively, a substituted naphth-2-yl group. In other
embodiments, R! can be a 2-substituted naphth-1-yl group, a
3-substituted naphth-1-yl group, a 4-substituted naphth-1-yl
group, or a 8-substituted naphth-1-yl group; alternatively, a
2-substituted naphth-1-yl group; alternatively, a 3-substituted
naphth-1-yl group; alternatively, a 4-substituted naphth-1-yl
group; or alternatively, a 8-substituted naphth-1-yl group. In
further embodiments, R* can be a 1-substituted naphth-2-yl
group, a 3-substituted naphth-2-yl group, a 4-substituted
naphth-2-yl group, or a 1,3-disubstituted naphth-2-yl group;
alternatively, a 1-substituted naphth-2-yl group; alternatively,
a 3-substituted naphth-2-yl group; alternatively, a 4-substi-
tuted naphth-2-yl group; or alternatively, a 1,3-disubstituted
naphth-2-yl group. Substituents for the substituted phenyl or
substituted naphthyl group that can be utilized as R' are
independently disclosed herein. These substituents can be
utilized without limitation to further describe the substituted
phenyl groups or substituted naphthyl groups which can be
utilized as R*'.

In an embodiment, each substituent for a substituted phe-
nyl or substituted naphthyl R* group independently can be a
halogen, ahydrocarbyl group, or a hydrocarboxy group; alter-
natively, a halogen or a hydrocarbyl group; alternatively, a
halogen or a hydrocarboxy group; alternatively, a hydrocar-
byl group or a hydrocarboxy group; alternatively, a halogen;
alternatively, a hydrocarbyl group; or alternatively, a hydro-
carboxy group. In some embodiments, each substituents for
the substituted phenyl or substituted naphthyl R* group inde-
pendently can be a halogen, an alkyl group, or an alkoxy
group; alternatively, a halogen or an alkyl group; alterna-
tively, a halogen or an alkoxy group; alternatively, an alkyl
group or an alkoxy group; alternatively, a halogen; alterna-
tively, an alkyl group; or alternatively, an alkoxy group. Spe-
cific substituent halogens, hydrocarbyl groups, hydrocarboxy
groups, alkyl groups, and alkoxy groups are independently
disclosed herein and can be utilized without limitation to
further describe the substituents for the substituted phenyl or
substituted naphthyl R* group.

In an aspect, the R can have Structure G2:

Structure G2

wherein the undesignated valency is attached to the N* nitro-
gen atom of the N*-phosphinylamidine group. Generally,
R'?,R'®,R'", R’ and R'¢ independently can be hydrogen or

10

15

20

25

30

35

40

45

50

55

60

65

28

a non-hydrogen substituent. In an embodiment wherein R*
has Structure G2, R'?, R*?, R*, R**, and R'® can be hydro-
gen, R, R'* R'°, and R'° can be hydrogen and R** can be a
non-hydrogen substituent, R'?, R** R'?, and R'¢ can be
hydrogen and R'? can be a non-hydrogen substituent, R*?,
R'?, R'* and R'S can be hydrogen and R'* can be a non-
hydrogen substituent, R'*, R*>, and R'® can be hydrogen and
R'? and R'* can be non-hydrogen substituents, R'*, R**, and
R'® can be hydrogen and R'? and R'¢ can be non-hydrogen
substituents, R**, R'*, and R'® can be hydrogen and R'* and
R'® can be non-hydrogen substituents, or R** and R'® can be
hydrogen and R*2, R'*#, and R'¢ can be non-hydrogen sub-
stituents. In some embodiments wherein R* has Structure G2,
R'3, R™, R'*, and R*S can be hydrogen and R'? can be a
non-hydrogen substituent, R'?, R**, R'?, and R'® can be
hydrogen and R'* can be a non-hydrogen substituent, R*?,
R'?, and R'® can be hydrogen and R'? and R'* can be non-
hydrogen substituents, R**,R*#, and R can be hydrogen and
R'? and R*® can be non-hydrogen substituents, or R'* and R**
can be hydrogen and R'?, R'*, and R'® can be non-hydrogen
substituents; alternatively, R*?, R**, R**, and RS can be
hydrogen and R'? can be a non-hydrogen substituent, R'?,
R', R'>, and R'® can be hydrogen and R'* can be a non-
hydrogen substituent, R'>, R'®, and R'° can be hydrogen and
R'? and R'* can be non-hydrogen substituents, or R**, R**,
and R'* can be hydrogen and R'? and R*® can be non-hydro-
gen substituents; alternatively, R'*, R'*, R'*, and R*® can be
hydrogen and R*? can be a non-hydrogen substituent, or R*?,
R'™, and R'® can be hydrogen and R'® and R** can be non-
hydrogen substituents; alternatively, R**, R**, R'>, and R*¢
can be hydrogen and R'? can be a non-hydrogen substituent,
or R’ R'3 R'?, and RS can be hydrogen and R'* can be a
non-hydrogen substituent; alternatively, R*®>, R'*, and R*¢
can be hydrogen and R'? and R'* can be non-hydrogen sub-
stituents, R'*, R*, and R'* can be hydrogen and R'? and R*¢
can be non-hydrogen substituents, or R*> and R can be
hydrogen and R'?, R'* and R'® can be non-hydrogen sub-
stituents; or alternatively, R'®, R'®, and R'® can be hydrogen
and R'? and R'* can be non-hydrogen substituents, or R*?,
R, and R** can be hydrogen and R*? and R*® can be non-
hydrogen substituents. In other embodiments wherein R* has
Structure G2, R*2, R*3, R** R'?, and R'6 can be hydrogen;
alternatively, R'>, R'*, R'®, and R*° can be hydrogen and R*>
can be a non-hydrogen substituent; alternatively, R*2, R**,
R'*, and R'® can be hydrogen and R'? can be a non-hydrogen
substituent; alternatively, R'?, R**, R'>, and R'® can be
hydrogen and R'* can be a non-hydrogen substituent; alter-
natively, R'>, R'*, and R'® can be hydrogen and R'? and R**
can be non-hydrogen substituents; alternatively, R**, R**, and
R'® can be hydrogen and R'? and R'S can be non-hydrogen
substituents; alternatively, R'?, R, and R can be hydrogen
and R'® and R'’ and can be non-hydrogen substituents; or
alternatively, R'* and R'® can be hydrogen and R'?, R**, and
R'¢ can be non-hydrogen substituents. Substituents for the R*
group having Structure G2 are independently disclosed
herein and can be utilized without limitation to further
describe the R group having Structure G2.

In an embodiment, the non-hydrogen substituents that can
be utilized as R'?, R'?, R'* R'®, and R'® in the R! group
having Structure G2 independently can be a halogen, a hydro-
carbyl group, or a hydrocarboxy group; alternatively, a halo-
gen or a hydrocarbyl group; alternatively, a halogen or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group. In
some embodiments, the non-hydrogen substituents that can
be utilized as R'?, R*?, R**, R'*, and R'¢ in the R* group
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having Structure G2 independently can be a halogen, an alkyl
group, and an alkoxy group; alternatively, a halogen or an
alkyl group; alternatively, a halogen or an alkoxy group;
alternatively, an alkyl group or an alkoxy group; alternatively,
a halogen; alternatively, an alkyl group; or alternatively, an
alkoxy group. Specific substituent halogens, hydrocarbyl
groups, hydrocarboxy groups, alkyl group, and alkoxy groups
are independently disclosed herein and can be utilized with-
out limitation to further describe the R* group having Struc-
ture G2.

In an aspect, R! can be a pyridinyl group, a substituted
pyridinyl group, a furyl group, a substituted furyl group, a
thienyl group, or a substituted thienyl group. In an embodi-
ment, R! can be a pyridinyl group or a substituted pyridinyl
group; alternatively, a furyl group or a substituted furyl group;
or alternatively, a thienyl group or a substituted thienyl group.
In some embodiments, R' can be a pyridinyl group, a furyl
group, or a thienyl group. In other embodiments, R' can be a
pyridinyl group; alternatively, a substituted pyridinyl group;
alternatively, a furyl group; alternatively, a substituted furyl
group; alternatively, a thienyl group; or alternatively, a sub-
stituted thienyl group.

In an embodiment, the pyridinyl (or substituted pyridinyl)
R! group can be a pyridin-2-yl group, a substituted pyridin-
2-yl group, a pyridin-3-yl group, a substituted pyridin-3-yl
group, a pyridin-4-yl group, or a substituted pyridin-4-yl
group; alternatively, a pyridin-2-yl group, a pyridin-3-yl
group, or a pyridin-4-yl group. In some embodiments, the
pyridinyl (or substituted pyridinyl) R group can be a pyridin-
2-yl group or a substituted pyridin-2-y1 group; alternatively, a
pyridin-3-yl group or a substituted pyridin-3-yl group; alter-
natively, a pyridin-4-yl group or a substituted pyridin-4-yl
group; alternatively, a pyridin-2-yl group; alternatively, a sub-
stituted pyridin-2-yl group; alternatively, a pyridin-3-yl
group; alternatively, a substituted pyridin-3-yl group; alter-
natively, a pyridin-4-yl group; or alternatively, a substituted
pyridin-4-yl group. In an embodiment, the substituted pyridi-
nyl R! group can be a 2-substituted pyridin-3-yl group, a
4-substituted pyridin-3-yl group, a S-substituted pyridin-3-yl
group, a 6-substituted pyridin-3-yl group, a 2,4-disubstituted
pyridin-3-yl group, a 2,6-disubstituted pyridin-3-yl group, or
a2.4,6-trisubstituted pyridin-3-yl group; alternatively, 2-sub-
stituted pyridin-3-yl group, a 4-substituted pyridin-3-yl
group, or a 6-substituted pyridin-3-yl group; alternatively, a
2,4-disubstituted pyridin-3-yl group or a 2,6-disubstituted
pyridin-3-yl group; alternatively, a 2-substituted pyridin-3-yl
group; alternatively, a 4-substituted pyridin-3-yl group; alter-
natively, a 5-substituted pyridin-3-yl group; alternatively, a
6-substituted pyridin-3-yl group; alternatively, a 2,4-disub-
stituted pyridin-3-yl group; alternatively, a 2,6-disubstituted
pyridin-3-yl group; or alternatively, a 2,4,6-trisubstituted
pyridin-3-yl group. In an embodiment, the substituted pyridi-
nyl R! group can be a 2-substituted pyridin-4-yl group, a
3-substituted pyridin-4-yl group, a S-substituted pyridin-4-yl
group, a 6-substituted pyridin-4-yl group, a 2,6-disubstituted
pyridin-4-yl group, or a 3,5-disubstituted pyridin-4-yl group;
alternatively, a 2-substituted pyridin-4-yl group or a 6-substi-
tuted pyridin-4-yl group; alternatively, a 3-substituted pyri-
din-4-yl group or a 5-substituted pyridin-4-yl group; alterna-
tively, a 2-substituted pyridin-4-yl group; alternatively, a
3-substituted pyridin-4-yl group; alternatively, a 5-substi-
tuted pyridin-4-yl group; alternatively, a 6-substituted pyri-
din-4-yl group; alternatively, a 2,6-disubstituted pyridin-4-yl
group; or alternatively, a 3,5-disubstituted pyridin-4-yl
group. Substituents for the substituted pyridinyl groups are
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independently disclosed herein and can be utilized without
limitation to further describe the substituted pyridinyl groups
which can be utilized as R'.

Inan embodiment, the furyl (or substituted furyl) R* group
can be a fur-2-yl group, a substituted fur-2-yl group, a fur-3-yl
group, or a substituted fur-3-yl group; alternatively, a fur-2-yl
or a fur-3-yl group. In some embodiments, the furyl (or sub-
stituted furyl) R' group can be a fur-2-yl group or a substi-
tuted fur-2-yl group; alternatively, a fur-3-yl group or a sub-
stituted fur-3-yl group; alternatively, a fur-2-yl group;
alternatively, a substituted fur-2-yl group; alternatively, a fur-
3-yl group; or alternatively, a substituted fur-3-yl group. Inan
embodiment, the substituted furyl R' group can be a 2-sub-
stituted fur-3-yl group, a 4-substituted fur-3-yl group, or a
2,4-disubstituted fur-3-yl group; alternatively, a 2-substituted
fur-3-yl group; alternatively, a 4-substituted fur-3-yl group;
or alternatively, a 2,4-disubstituted fur-3-yl group. Substitu-
ents for the substituted furyl groups are independently dis-
closed herein and can be utilized without limitation to further
describe the substituted furyl groups which can be utilized as
R

In an embodiment, a thienyl (or substituted thienyl) R*
group be a thien-2-yl group, a substituted thien-2-yl group, a
thien-3-yl group, or a substituted thien-3-yl group; alterna-
tively, a thien-2-yl group or a thien-3-yl group. In some
embodiments, the thienyl (or substituted thienyl) R' group
can be a thien-2-yl group or a substituted thien-2-yl group;
alternatively, a thien-3-yl group or a substituted thien-3-yl
group; alternatively, a thien-2-yl group; alternatively, a sub-
stituted thien-2-yl group; alternatively, a thien-3-yl group; or
alternatively, a substituted thien-3-yl group. In an embodi-
ment, the substituted thienyl R' group can be a 2-substituted
thien-3-yl group, a 4-substituted thien-3-yl group, or a 2.4-
disubstituted thien-3-yl group; alternatively, a 2-substituted
thien-3-yl group; alternatively, a 4-substituted thien-3-yl
group; or alternatively, a 2,4-disubstituted thien-3-yl group.
Substituents for the substituted thienyl groups are indepen-
dently disclosed herein and can be utilized without limitation
to further describe the substituted thienyl groups which canbe
utilized as R*.

In an aspect, R! can be a C, to C,, organoheteryl group;
alternatively, a C, to C,, organcheteryl group; alternatively, a
C, to C,5 organoheteryl group; alternatively, a C, to C,,
organoheteryl group; or alternatively, a C, to C; organohet-
eryl group. In an embodiment, R can be a C,, to C,, cyclo-
heteryl group; alternatively, a C, to C,, cycloheteryl group;
alternatively, a C, to C, ; cycloheteryl group; or alternatively,
a C, to C,, cycloheteryl group. In some embodiments, the
cycloheteryl group which can be utilized as R' can be a
substituted cycloheteryl group.

In some embodiments, R can be a C, to C,, hydrocarbyl
aminyl group, a C, to C;, dihydrocarbyl aminyl group, a C, to
C;, cycloaminyl group, oraC, to C, substituted cycloaminyl
group; alternatively, a C, to C,, hydrocarbyl aminyl group or
a C, to C;, dihydrocarbyl aminyl group; alternatively, a C, to
C,, cycloaminyl group ora C, to C,, substituted cycloaminyl
group; alternatively, a C, to C,, dihydrocarbyl aminyl group
or a C, to C;, cycloaminyl group; alternatively, a C, to C;
hydrocarbyl aminyl group; alternatively, a C, to C;, dihydro-
carbyl aminyl group; alternatively, a C, to C;,, cycloaminyl
group; or alternatively, a C, to C;, substituted cycloaminyl
group. In other embodiments, R can be a C, to C,, hydro-
carbyl aminyl group, a C, to C,,, dihydrocarbyl aminyl group,
a C, to C,, cycloaminyl group, or a C, to C,, substituted
cycloaminyl group; alternatively, a C, to C,, hydrocarbyl
aminyl group or a C, to C,, dihydrocarbyl aminyl group;
alternatively, a C, to C,, cycloaminyl group or a C, to C,,
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substituted cycloaminyl group; alternatively, a C, to C,, dihy-
drocarbyl aminyl group or a C, to C,, cycloaminyl group;
alternatively, a C, to C,, hydrocarbyl aminyl group; alterna-
tively, a C, to C,, dihydrocarbyl aminyl group; alternatively,
a C, to C,, cycloaminyl group; or alternatively, a C, to C,,
substituted cycloaminyl group. In yet other embodiments, R!
can be a C, to C,, hydrocarbyl aminyl group, a C, to C,
dihydrocarbyl aminyl group, a C, to C, 5 cycloaminyl group,
or a C, to C, 5 substituted cycloaminyl group; alternatively, a
C, to C,, hydrocarbyl aminyl group or a C, to C, 5 dihydro-
carbyl aminyl group; alternatively, a C, to C, 5 cycloaminyl
group or a C, to C, 5 substituted cycloaminyl group; alterna-
tively, a C, to C, 5 dihydrocarbyl aminyl group ora C, to C, 5
cycloaminyl group; alternatively, a C,; to C,, hydrocarbyl
aminyl group; alternatively, a C, to C, 5 dihydrocarbyl aminyl
group; alternatively, a C, to C, 5 cycloaminyl group; or alter-
natively, a C, to C, 5 substituted cycloaminyl group. In further
embodiments, R' canbea C, to C5 hydrocarbyl aminyl group,
aC,to C,,dihydrocarbyl aminyl group, aC,to C,, cycloami-
nyl group, or a C, to C,, substituted cycloaminyl group;
alternatively, a C, to C, hydrocarbyl aminyl group or a C, to
C,, dihydrocarbyl aminyl group; alternatively, a C, to C,,
cycloaminyl group or a C, to C,, substituted cycloaminyl
group; alternatively, a C, to C,, dihydrocarbyl aminyl group
or a C, to C,, cycloaminyl group; alternatively, a C, to Cy
hydrocarbyl aminyl group; alternatively, a C, to C,, dihydro-
carbyl aminyl group; alternatively, a C, to C,,, cycloaminyl
group; or alternatively, a C, to C,, substituted cycloaminyl
group.

In an embodiment, each hydrocarbyl group of a hydrocar-
byl aminyl group or a dihydrocarbyl aminyl group canbe a C,
to C;, hydrocarbyl group; alternatively, a C, to C,, hydrocar-
byl group; alternatively, a C, to C, 5 hydrocarbyl group; alter-
natively, a C, to C,, hydrocarbyl group; or alternatively, a C,
to C, hydrocarbyl group. In an embodiment, each hydrocar-
byl group of a hydrocarbyl aminyl group or a dihydrocarbyl
aminyl group can be an alkyl group, a cycloalkyl group, an
aryl group, or an aralkyl group; alternatively, an alkyl group;
alternatively, a cycloalkyl group; alternatively, an aryl group;
or alternatively, or aralkyl group. Alkyl groups, cycloalkyl
groups, aryl group, and aralkyl groups have been described
herein a potential R*, R?, R?, R*, and R® groups (among other
potential group) and these alkyl groups, cycloalkyl groups,
aryl group, and aralkyl groups can be utilized without limi-
tation to further describe the hydrocarbyl aminyl group and/
or a dihydrocarbyl aminyl group that can be utilized a R*.

In an embodiment, R' can be a pyrrolidin-1-yl group, a
substituted pyrrolidin-1-yl group, a piperidin-1-yl group, a
substituted piperidin-1-yl group, a morphilin-1-yl group, a
substituted morphilin-1-yl group, a pyrrol-1-yl group, or a
substituted pyrrol-yl group. In some embodiments, R! can be
apyrrolidin-1-yl group, a substituted pyrrolidin-1-yl group, a
piperidin-1-yl group, or a substituted piperidin-1-yl group; a
pyrrolidin-1-yl group or a substituted pyrrolidin-1-yl group;
alternatively, a piperidin-1-yl group or a substituted piperi-
din-1-yl group; alternatively, a morphilin-1-yl group or a
substituted morphilin-1-yl group; alternatively, a pyrrol-1-yl
group or a substituted pyrrol-yl group; alternatively, a pyrro-
lidin-1-yl group, a piperidin-1-yl group, a morphilin-1-yl
group, or a pyrrol-1-yl group; alternatively, a pyrrolidin-1-yl
group or a piperidin-1-yl group; alternatively, a pyrrolidin-1-
yl group; alternatively, a substituted pyrrolidin-1-y1 group;
alternatively, a piperidin-1-yl group; alternatively, a substi-
tuted piperidin-1-yl group; alternatively, a morphilin-1-yl
group; alternatively, a substituted morphilin-1-yl group;
alternatively, a pyrrol-1-yl group; or alternatively, a substi-
tuted pyrrol-yl group. Generally, these specific cycloaminyl
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groups can have the same number of carbon atoms as the
cycloaminyl and substituted cycloaminyl group described
herein. Substituents for the substituted cycloaminyl group
(general or specific) that can be utilized as R' are indepen-
dently disclosed herein. These substituents can be utilized
without limitation to further describe the substituted
cycloaminyl groups (general or specific) which can be uti-
lized as R".

In an embodiment, each substituent for a substituted
pyridinyl, furyl, and/or thienyl group (general or specific) that
can be utilized as R" independently can be a halogen, a hydro-
carbyl group, or a hydrocarboxy group; alternatively, a halo-
gen or a hydrocarbyl group; alternatively, a halogen or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group. In
some embodiments, each substituent for a substituted pyridi-
nyl, furyl, and/or thienyl group (general or specific) that can
be utilized as independently can be a halogen, an alkyl group,
or an alkoxy group; alternatively, a halogen or an alkyl group;
alternatively, a halogen or an alkoxy group; alternatively, an
alkyl group or an alkoxy group; alternatively, a halogen;
alternatively, an alkyl group; or alternatively, an alkoxy
group. Specific substituent halogens, hydrocarbyl groups,
hydrocarboxy groups, alkyl group, and alkoxy groups are
independently disclosed herein and can be utilized without
limitation to further describe the substituents for the substi-
tuted pyridinyl, furyl, and/or thienyl groups (general or spe-
cific) that can be utilized as R'.

In an aspect, when the N* nitrogen atom of the N*-phos-
phinyl amidine group is attached to an atom (carbon or a
heteroatom) of a ring or ring system group (cycloalkane
group, aliphatic heterocyclic group, cyclohetero group, aro-
matic group, arene group, heteroarene group, arylhetero
group, or any other disclosed herein), the cyclic R group can
comprise at least one substituent at an atom adjacent to the
atom attached to N” nitrogen atom of the N2-phosphinyl ami-
dine group. In an embodiment, when the N nitrogen atom of
the N2-phosphinyl amidine group is attached to an atom (car-
bon or a heteroatom) of a ring or ring system group (cycloal-
kane group, aliphatic heterocyclic group, cyclohetero group,
aromatic group, arene group, heteroarene group, or arylhet-
ero group, or any other disclosed herein) the cyclic R group
can comprise at least one substituent at each atom adjacent to
the atom attached to N* nitrogen atom of the N*-phosphinyl
amidine group. In another embodiment, when the N* nitrogen
atom of the N*-phosphinyl amidine group is attached to an
atom (carbon or a heteroatom) of a ring or ring system group
(cycloalkane group, aliphatic heterocyclic group, cyclohetero
group, aromatic group, arene group, heteroarene group, or
arylhetero group, or any other disclosed herein), the cyclic R
group can consist of one substituent at each atom adjacent to
the atom attached to N* nitrogen atom of the N*-phosphinyl
amidine group. In other embodiments, when the N* nitrogen
atom of the N*-phosphinyl amidine group is attached to an
atom (carbon or a heteroatom) of a ring or ring system group
(cycloalkane group, aliphatic heterocyclic group, cyclohetero
group, aromatic group, arene group, heteroarene group, or
arylhetero group, or any other disclosed herein), the cyclic R*
group can comprise only one substituent at an atom adjacent
to the atom attached to N* nitrogen atom of the N*-phosphinyl
amidine group. In another embodiment, when the N* nitrogen
atom of the N*-phosphinyl amidine group is attached to an
atom (carbon or a heteroatom) of a ring or ring system group
(cycloalkane group, aliphatic heterocyclic group, cyclohetero
group, aromatic group, arene group, heteroarene group, or
arylhetero group, or any other disclosed herein), the cyclic R
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group can comprise only one substituent at each atom adja-
cent to the atom attached to N* nitrogen atom of the N>-phos-
phinyl amidine group. In yet another embodiment, when the
N' nitrogen atom of the N2-phosphinyl amidine group is
attached to an atom (carbon or a heteroatom) of a ring or ring
system group (cycloalkane group, aliphatic heterocyclic
group, cyclohetero group, aromatic group, arene group, het-
eroarene group, or arylhetero group, or any other disclosed
herein), the cyclic R' group can consist of only one substitu-
ent located at each atom adjacent to the atom attached to N*
nitrogen atom of the N*-phosphinyl amidine group.

In an embodiment, when the N' nitrogen atom of the
NZ2-phosphinyl amidine group is attached to a carbon atom of
acycloalkane or arene ring or ring system, the cyclic R group
can comprise at least one substituent located on a carbon atom
adjacent to the carbon atom attached to N' nitrogen atom of
the N*-phosphinyl amidine group. In some embodiments,
when the N nitrogen atom of the N*-phosphinyl amidine
group is attached to a carbon atom of a cycloalkane or arene
ring or ring system, the cyclic R! group can comprise at least
one substituent located on each carbon atom adjacent to the
carbon atom attached to N* nitrogen atom of the N2-phosphi-
nyl amidine group. In another embodiment, when the N*
nitrogen atom of the NZ-phosphinyl amidine group is
attached to a carbon atom of a cycloalkane or arene ring or
ring system, the cyclic R! group can consist of one substituent
located on each carbon atom adjacent to the carbon atom
attached to N* nitrogen atom of the N?-phosphinyl amidine
group. In other embodiments, when the N* nitrogen atom of
the N*-phosphinyl amidine group is attached to a carbon atom
of a cycloalkane or arene ring or ring system, the cyclic R*
group can comprise only one substituent located on a carbon
atom adjacent to the carbon atom attached to N' nitrogen
atom of the N-phosphinyl amidine group. In another
embodiment, when the N* nitrogen atom of the N2-phosphi-
nyl amidine group is attached to a carbon atom of a cycloal-
kane or arene ring or ring system, the cyclic R' group can
comprise only one substituent located on each carbon atom
adjacent to the carbon atom attached to N' nitrogen atom of
the N?-phosphinyl amidine group. In yet another embodi-
ment, when the N* nitrogen atom of the N2-phosphinyl ami-
dine group is attached to a carbon atom of a cycloalkane or
arene ring or ring system, the cyclic R* group can consist of
only one substituent located on each carbon atom adjacent to
the carbon atom attached to N* nitrogen atom of the N>-phos-
phinyl amidine group.

The non-hydrogen substituents of any substituted R group
(general or specific) independently can be a hydrocarbyl
group or an inert functional group. Non-limiting examples of
inert functional group include halogens and hydrocarboxy
groups. In an embodiment, each non-hydrogen substituent
any substituted R* group (general or specific) independently
can be a halide, a C; to C,, hydrocarbyl group,ora C, to C,,
hydrocarboxy group; alternatively, a halide or a C; to C,,,
hydrocarbyl group; alternatively, a halide or a C, to C,,
hydrocarboxy group; alternatively, a C, to C,, hydrocarbyl
group or a C, to C,, hydrocarboxy group; alternatively, a
halide; alternatively, a C, to C,, hydrocarbyl group; or alter-
natively, a C, to C,, hydrocarboxy group. In other embodi-
ments, each non-hydrogen substituent any substituted R*
group (general or specific) independently can be ahalide, a C,
to C hydrocarbyl group, or a C, to C, hydrocarboxy group;
alternatively, a halide or a C, to C; hydrocarbyl group; alter-
natively, a halide or a C, to C; hydrocarboxy group; alterna-
tively, a C, to C; hydrocarbyl group or a C, to Cs hydrocar-
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boxy group; alternatively, a halide; alternatively, a C, to Cs
hydrocarbyl group; or alternatively, a C, to C5 hydrocarboxy
group.

In an embodiment, each halide substituent for any substi-
tuted R* group (general or specific) independently can be a
fluoride, chloride, bromide, or iodide; alternatively, a fluoride
or chloride. In some embodiments, each halide substituent
any substituted R* group (general or specific) independently
can be a fluoride; alternatively, a chloride; alternatively, a
bromide; or alternatively, an iodide.

In an embodiment, each hydrocarbyl substituent for any
substituted R* group (general or specific) independently can
be an alkyl group, an aryl group, or an aralkyl group; alter-
natively, an alkyl group; alternatively, an aryl group; or alter-
natively, an aralkyl group. In an embodiment, each alkyl
substituent for any substituted R! group (general or specific)
independently can be a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, a sec-
butyl group, an isobutyl group, a tert-butyl group, an n-pentyl
group, a 2-pentyl group, a 3-pentyl group, a 2-methyl-1-butyl
group, a tert-pentyl group, a 3-methyl-1-butyl group, a 3-me-
thyl-2-butyl group, or a neo-pentyl group; alternatively, a
methyl group, an ethyl group, an isopropyl group, a tert-butyl
group, or a neo-pentyl group; alternatively, a methyl group;
alternatively, an ethyl group; alternatively, an isopropyl
group; alternatively, a tert-butyl group; or alternatively, a
neo-pentyl group. In an embodiment, each aryl substituent for
any substituted R* group (general or specific) independently
can be a phenyl group, a tolyl group, a xylyl group, or a
2,4,6-trimethylphenyl group; alternatively, a phenyl group;
alternatively, a tolyl group; alternatively, a xylyl group; or
alternatively, a 2,4,6-trimethylphenyl group. In an embodi-
ment, each aralkyl substituent for any substituted R* group
(general or specific) independently can be a benzyl group or
an ethylphenyl group (2-phenyleth-1-yl or 1-phenyleth-1-yl);
alternatively, a benzyl group; alternatively, an ethylphenyl
group; alternatively, a 2-phenyleth-1-yl group; or alterna-
tively, a 1-phenyleth-1-yl group.

In an embodiment, each hydrocarboxy substituent for any
substituted R* group (general or specific) independently can
be an alkoxy group, an aryloxy group, or an aralkoxy group;
alternatively, an alkoxy group; alternatively, an aryloxy
group; or alternatively, an aralkoxy group. In an embodiment,
each alkoxy substituent for any substituted R group (general
or specific) independently can be a methoxy group, an ethoxy
group, an n-propoxy group, an isopropoxy group, an n-bu-
toxy group, a sec-butoxy group, an isobutoxy group, a tert-
butoxy group, an n-pentoxy group, a 2-pentoxy group, a
3-pentoxy group, a 2-methyl-1-butoxy group, a tert-pentoxy
group, a 3-methyl-1-butoxy group, a 3-methyl-2-butoxy
group, or a neo-pentoxy group; alternatively, a methoxy
group, an ethoxy group, an isopropoxy group, a tert-butoxy
group, or a neo-pentoxy group; alternatively, a methoxy
group; alternatively, an ethoxy group; alternatively, an iso-
propoxy group; alternatively, a tert-butoxy group; or alterna-
tively, a neo-pentoxy group. In an embodiment, each aroxy
substituent for any substituted R' group (general or specific)
independently can be a phenoxy group, a toloxy group, a
xyloxy group, or a 2,4,6-trimethylphenoxy group; alterna-
tively, a phenoxy group; alternatively, a toloxy group; alter-
natively, a xyloxy group; or alternatively, a 2.4,6-trimeth-
ylphenoxy group. In an embodiment, each aralkoxy
substituent for any substituted R! group (general or specific)
independently can be a benzoxy group.

In a non-limiting embodiment, R* can be a phenyl group, a
2-alkylphenyl group, a 3-alkylphenyl group, a 4-alkylphenyl
group, a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group,
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a 3,5-dialkylphenyl group, or a 2,4,6-trialkylphenyl group;
alternatively, a 2-alkylphenyl group, a 4-alkylphenyl group, a
2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, ora 2.4,
6-trialkylphenyl group; alternatively, a 2-alkylphenyl group
or a 4-alkylphenyl group; alternatively, a 2,4-dialkylphenyl
group, a 2,6-dialkylphenyl group, or a 2.4,6-trialkylphenyl
group; alternatively, a 2,4-dialkylphenyl group or a 2,6-di-
alkylphenyl group; alternatively, a 2,6-dialkylphenyl group,
or a 2,4,6-trialkylphenyl group; alternatively, a 3-alkylphenyl
group or a 3,5-dialkylphenyl group; alternatively, a 2-alky-
Iphenyl group or a 2,6-dialkylphenyl group; alternatively, a
2-alkylphenyl group; alternatively, a 3-alkylphenyl group;
alternatively, a 4-alkylphenyl group; alternatively, a 2,4-di-
alkylphenyl group; alternatively, a 2,6-dialkylphenyl group;
alternatively, a 3,5-dialkylphenyl group; or alternatively, a
2,4,6-trialkylphenyl group. In another non-limiting embodi-
ment, R' can be a napht-1-yl group, a naphth-2-yl group, a
2-alkylnaphth-1-yl group, a 1-alkylnaphth-2-yl group, a
3-alkylnapth-2-yl group, or a 1,3-dialkylnaphth-2-yl group;
alternatively, a napht-1-yl group or a 2-alkylnaphth-1-yl
group; alternatively, a naphth-2-yl group, a 1-alkylnaphth-2-
yl group, a 3-alkylnapth-2-yl group, or a 1,3-dialkylnaphth-
2-yl group; alternatively, a napht-1-yl group; alternatively, a
naphth-2-yl group; alternatively, a 2-alkylnaphth-1-yl group;
alternatively, a 1-alkylnaphth-2-yl group; alternatively, a
3-alkylnapth-2-yl group; or alternatively, a 1,3-dialkyl-
naphth-2-yl group. In other non-limiting embodiments, R*
can be a cyclohexyl group, a 2-alkylcyclohexyl group, or a
2,6-dialkylcyclohexyl group; alternatively, a cyclopentyl
group, a 2-alkylcyclopentyl group, or a 2,5-dialkylcyclopen-
tyl group; alternatively, a cyclohexyl group; alternatively, a
2-alkylcyclohexyl group; alternatively, a 2,6-dialkylcyclo-
hexyl group; alternatively, a cyclopentyl group; alternatively,
a 2-alkylcyclopentyl group; or alternatively, a 2,5-dialkylcy-
clopentyl group. Alkyl group substituents are independently
described herein and can be utilized, without limitation, to
further describe the alkylphenyl, dialkylphenyl, trialkylphe-
nyl, naphthyl, dialkylnaphthyl, alkylcyclohexyl, dialkylcy-
clohexyl, alkylcyclopentyl, or dialkylcyclopentyl groups that
can be utilized R'. Generally, the alkyl substituents of a
dialkyl or trialkyl phenyl, naphthyl, cyclohexyl, or cyclopen-
tyl group can be the same; or alternatively, the alkyl substitu-
ents of a dialkyl or trialkyl phenyl, naphthyl, cyclohexyl, or
cyclopentyl group can be different.

In another non-limiting embodiment, R* can be a phenyl
group, a 2-alkoxyphenyl group, a 3-alkoxyphenyl group, a
4-alkoxyphenyl group, or a 3,5-dialkoxyphenyl group; alter-
natively, a 2-alkoxyphenyl group or a 4-alkoxyphenyl group;
alternatively, a 3-alkoxyphenyl group or a 3,5-dialkoxyphe-
nyl group; alternatively, a 2-alkoxyphenyl group; alterna-
tively, a 3-alkoxyphenyl group; alternatively, a 4-alkoxyphe-
nyl group; alternatively, a 3,5-dialkoxyphenyl group. Alkoxy
group substituents are independently described herein and
can be utilized, without limitation, to further describe the
alkoxyphenyl or dialkoxyphenyl groups that can be utilized
R!. Generally, the alkoxy substituents of a dialkoxyphenyl
group can be the same; or alternatively, the alkoxy substitu-
ents of a dialkoxyphenyl group can be different.

In other non-limiting embodiments, R* can be a phenyl
group, a 2-halophenyl group, a 3-halophenyl group, a
4-halophenyl group, a 2,6-dihalophenyl group, or a 3,5-di-
alkylphenyl group; alternatively, a 2-halophenyl group, a
4-halophenyl group, or a 2,6-dihalophenyl group; alterna-
tively, a 2-halophenyl group or a 4-halophenyl group; alter-
natively, a 3-halophenyl group or a 3,5-dihalophenyl group;
alternatively, a 2-halophenyl group; alternatively, a
3-halophenyl group; alternatively, a 4-halophenyl group;
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alternatively, a 2,6-dihalophenyl group; or alternatively, a
3,5-dihalophenyl group. Halides are independently described
herein and can be utilized, without limitation, to further
describe the halophenyl or dihalophenyl groups that can be
utilized R'. Generally, the halides of a dihalophenyl group
can be the same; or alternatively, the halides of a dihalophenyl
group can be different.

In a non-limiting embodiment, R* can be a 2-methylphenyl
group, a 2-ethylphenyl group, a 2-n-propylphenyl group, a
2-isopropylphenyl group, a 2-tert-butylphenyl group, a 3-me-
thylphenyl group, a 2,6-dimethylphenyl group, a 2,6-dieth-
ylphenyl group, a 2,6-di-n-propylphenyl group, a 2,6-diiso-
propylphenyl group, a 2,6-di-tert-butylphenyl group, a
2-isopropyl-6-methylphenyl group, a 3,5-dimethyl group, or
a 2,4,6-trimethylphenyl group; alternatively, a 2-methylphe-
nyl group, a 2-ethylphenyl group, a 2-n-propylphenyl group,
a 2-isopropylphenyl group, or a 2-tert-butylphenyl group;
alternatively, a 2,6-dimethylphenyl group, a 2,6-diethylphe-
nyl group, a 2,6-di-n-propylphenyl group, a 2,6-diisopropy-
Iphenyl group, a 2,6-di-tert-butylphenyl group, or a 2-isopro-
pyl-6-methylphenyl group; alternatively, a 2-methylphenyl
group; alternatively, a 2-ethylphenyl group; alternatively, a
2-n-propylphenyl group; alternatively, a 2-isopropylphenyl
group; alternatively, a 2-tert-butylphenyl group; alternatively,
a 3-methylphenyl group; alternatively, a 2,6-dimethylphenyl
group; alternatively, a 2,6-diethylphenyl group; alternatively,
a 2,6-di-n-propylphenyl group; alternatively, a 2,6-diisopro-
pylphenyl group; alternatively, a 2,6-di-tert-butylphenyl
group; alternatively, a 2-isopropyl-6-methylphenyl group;
alternatively, a 3,5-dimethylphenyl group; or alternatively, a
2,4,6-trimethylphenyl group. In another non-limiting
embodiment, R can be a 2-methylcyclohexyl group, a 2-eth-
ylcyclohexyl group, a 2-isopropylcyclohexyl group, a 2-tert-
butylcyclohexyl group, a 2,6-dimethylcyclohexyl group, a
2,6-diethylcyclohexyl group, a 2,6-diisopropylcyclohexyl
group, or a 2,6-di-tert-butylcyclohexyl group; alternatively, a
2-methylcyclohexyl group, a 2-ethylcyclohexyl group, a
2-isopropylcyclohexyl group, or a 2-tert-butylcyclohexyl
group; alternatively, a 2,6-dimethylcyclohexyl group, a 2,6-
diethylcyclohexyl group, a 2,6-diisopropylcyclohexyl group,
or a 2,6-di-tert-butylcyclohexyl group; alternatively, a 2-me-
thylcyclohexyl group; alternatively, a 2-ethylcyclohexyl
group; alternatively, a 2-isopropylcyclohexyl group; alterna-
tively, a 2-tert-butylcyclohexyl group; alternatively, a 2,6-
dimethylcyclohexyl group; alternatively, a 2,6-diethylcyclo-
hexyl group; alternatively, a 2,6-diisopropylcyclohexyl
group; or alternatively, a 2,6-di-tert-butylcyclohexyl group.
In another non-limiting embodiment, R* can be a 2-methyl-
naphth-1-yl group, a 2-ethylnaphth-1-yl group, a 2-n-propyl-
naphth-1-yl group, a 2-isopropylnaphth-1-yl group, or a
2-tert-butylnaphth-1-yl group; alternatively, a 2-methyl-
naphth-1-yl group; alternatively, a 2-ethylnaphth-1-yl group;
alternatively, a 2-n-propylnaphth-1-yl group; alternatively, a
2-isopropylnaphth-1-yl group; or alternatively, a 2-tert-butyl-
naphth-1-yl group.

In a non-limiting embodiment, R* can be a 3-methoxyphe-
nyl group, a 3-ethoxyphenyl group, a 3-isopropoxyphenyl
group, a 3-tert-butoxyphenyl group, a 4-methoxyphenyl
group, a 4-ethoxyphenyl group, a 4-isopropoxyphenyl group,
a 4-tert-butoxyphenyl group, a 3,5-dimethoxyphenyl group, a
3,5-diethoxyphenyl group, a 3,5-diisopropoxyphenyl group,
or a 3,5-di-tert-butoxyphenyl group; alternatively, a 3-meth-
oxyphenyl group, a 3-ethoxyphenyl group, a 3-isopro-
poxyphenyl group, or a 3-tert-butoxyphenyl group; alterna-
tively, a 4-methoxyphenyl group, a 4-ethoxyphenyl group, a
4-isopropoxyphenyl group, or a 4-tert-butoxyphenyl group;
or alternatively, a 3,5-dimethoxyphenyl group, a 3,5-diethox-
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yphenyl group, a 3,5-diisopropoxyphenyl group, or a 3,5-di-
tert-butoxyphenyl group. In other non-limiting embodiments,
R! can be a 3-methoxyphenyl group; alternatively, a 3-ethox-
yphenyl group; alternatively, a 3-isopropoxyphenyl group;
alternatively, a 3-tert-butoxyphenyl group; alternatively, a
4-methoxyphenyl group; alternatively, a 4-ethoxyphenyl
group; alternatively, a 4-isopropoxyphenyl group; alterna-
tively, a 4-tert-butoxyphenyl group; alternatively, a 3,5-
dimethoxyphenyl group; alternatively, a 3,5-diethoxyphenyl
group; alternatively, a 3,5-diisopropoxyphenyl group; or
alternatively, a 3,5-di-tert-butoxyphenyl group.

Generally, R? can be an organyl group, an organyl group
consisting essentially of inert functional groups, or a hydro-
carbyl group. Inan embodiment, R? canbe a C, to C,, organyl
group; alternatively, a C, to C,, organyl group; alternatively,
a C, to C,5 organyl group; alternatively, a C, to C,, organyl
group; or alternatively, a C, to Cs organyl group. In an
embodiment, R? can be a C, to C,, organyl group consisting
essentially of inert functional groups; alternatively, a C;t0 C,
organyl group consisting essentially of inert functional
groups; alternatively, a C, to C,5 organyl group consisting
essentially of inert functional groups; alternatively, a C, to
C,, organyl group consisting essentially of inert functional
groups; or alternatively, a C, to C5 organyl group consisting
essentially of inert functional groups. In an embodiment, R*
can be a C, to C;, hydrocarbyl group; alternatively, a C, to
C,, hydrocarbyl group; alternatively, a C, to C, 5 hydrocarbyl
group; alternatively, a C, to C,, hydrocarbyl group; or alter-
natively, a C, to C; hydrocarbyl group. In yet other embodi-
ments, R? can be a C; to C,, aromatic group; alternatively, a
C; to C,, aromatic group; alternatively, a C; to C, 5 aromatic
group; or alternatively, a C; to C,, aromatic group.

In an aspect, R? can be a C, to Cs, alkyl group, a C, to C,
cycloalkyl group, a C, to C;,, substituted cycloalkyl group, a
C, to C;, aliphatic heterocyclic group, a C; to C,, substituted
aliphatic heterocyclic group, a C4 to C,, aryl group, a Cg to
C,, substituted aryl group, a C,, to C,, aralkyl group, a C, to
C,, substituted aralkyl group, a C; to C;, heteroaryl group, or
a C; to C,, substituted heteroaryl group; alternatively, a C, to
C,, alkyl group, a C, to C;, cycloalkyl group, a C, to C;,
substituted cycloalkyl group, a C to C;, aryl group, a C, to
C,, substituted aryl group, a C, to C; aralkyl group, ora C,
to C;, substituted aralkyl group; alternatively, a C, to C;,
cycloalkyl group or a C, to C;, substituted cycloalkyl group;
alternatively, a C; to C;, aliphatic heterocyclic group ora C,
to C,, substituted aliphatic heterocyclic group; alternatively,
a C, to C;q aryl group or a C to C;, substituted aryl group;
alternatively, a C, to C, aralkyl group or a C, to C, substi-
tuted aralkyl group; alternatively, a C; to C,, heteroaryl group
or a C; to C,, substituted heteroaryl group; alternatively, a C,
to C;, alkyl group; alternatively, a C, to C,, cycloalkyl group;
alternatively, a C, to C;, substituted cycloalkyl group; alter-
natively, a C; to C;, aliphatic heterocyclic group; alterna-
tively, a C; to C,, substituted aliphatic heterocyclic group;
alternatively, a Cq to C;, aryl group; alternatively, a Cqto Cs,
substituted aryl group; alternatively, a C, to C,, aralkyl
group; alternatively, a C, to C, substituted aralkyl group;
alternatively, a C; to C;, heteroaryl group; or alternatively, a
C; to Cs, substituted heteroaryl group. In an embodiment, R*
canbe a C, to C, 5 alkyl group, a C, to C,, cycloalkyl group,
a C,to C,, substituted cycloalkyl group, a C; to C,, aliphatic
heterocyclic group, a C; to C,, substituted aliphatic hetero-
cyclic group, a C, to C,, aryl group, a C to C,, substituted
aryl group, a C, to C,, aralkyl group, a C, to C,, substituted
aralkyl group, a C; to C,, heteroaryl group, or a C; to C,
substituted heteroaryl group; alternatively, a C, to C, 5 alkyl
group, a C, to C,, cycloalkyl group, a C, to C,, substituted
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cycloalkyl group, a Cg4 to C, aryl group, a Cy to C,, substi-
tuted aryl group, a C, to C,, aralkyl group, or a C, to C,,
substituted aralkyl group; alternatively, a C, to C,, cycloalkyl
group or a C, to C,, substituted cycloalkyl group; alterna-
tively, a C; to C,, aliphatic heterocyclic group or a C; to C,
substituted aliphatic heterocyclic group; alternatively, a C4 to
C,, aryl group or a C, to C,,, substituted aryl group; alterna-
tively, a C, to C,, aralkyl group or a C, to C,, substituted
aralkyl group; alternatively, a C; to C,, heteroaryl group or a
C; to C,, substituted heteroaryl group; alternatively, a C, to
C,s alkyl group; alternatively, a C, to C,, cycloalkyl group;
alternatively, a C, to C,, substituted cycloalkyl group; alter-
natively, a C; to C,, aliphatic heterocyclic group; alterna-
tively, a C; to C,, substituted aliphatic heterocyclic group;
alternatively, a C4 to C,, aryl group; alternatively, a C4to C,
substituted aryl group; alternatively, a C, to C,, aralkyl
group; alternatively, a C, to C,, substituted aralkyl group;
alternatively, a C; to C,, heteroaryl group; or alternatively, a
C, to C,, substituted heteroaryl group. In other embodiments,
R? can be a C, to C,, alkyl group, a C, to C, cycloalkyl
group, a C, to C, 5 substituted cycloalkyl group, a C; to C 5
aliphatic heterocyclic group, a C; to C, 5 substituted aliphatic
heterocyclic group, a C, to C, 5 aryl group, a C, to C, 5 sub-
stituted aryl group, a C, to C, 5 aralkyl group, a C, to C,5
substituted aralkyl group, a C; to C, 5 heteroaryl group, ora C;
to C, 5 substituted heteroaryl group; alternatively, a C, to C,,
alkyl group, a C, to C, 5 cycloalkyl group, a C, to C, 5 substi-
tuted cycloalkyl group, a C4 to C,5 aryl group, a C, to C, 5
substituted aryl group, a C, to C, 5 aralkyl group,oraC, to C, 5
substituted aralkyl group; alternatively, a C, to C, 5 cycloalkyl
group or a C, to C,5 substituted cycloalkyl group; alterna-
tively, a C; to C, 5 aliphatic heterocyclic group ora C; to C, 5
substituted aliphatic heterocyclic group; alternatively, a C, to
C,s aryl group or a C, to C, 5 substituted aryl group; alterna-
tively, a C, to C, 5 aralkyl group or a C, to C,; substituted
aralkyl group; alternatively, a C; to C, 5 heteroaryl group or a
C; to C, substituted heteroaryl group; alternatively, a C, to
C,, alkyl group; alternatively, a C, to C, 5 cycloalkyl group;
alternatively, a C, to C, 5 substituted cycloalkyl group; alter-
natively, a C; to C, aliphatic heterocyclic group; alterna-
tively, a C; to C, 5 substituted aliphatic heterocyclic group;
alternatively, a C, to C, 5 aryl group; alternatively,a Cst0 C, 5
substituted aryl group; alternatively, a C, to C,5 aralkyl
group; alternatively, a C, to C,5 substituted aralkyl group;
alternatively, a C; to C 5 heteroaryl group; or alternatively, a
C; to C, 5 substituted heteroaryl group. In further embodi-
ments, R* can be a C, to Cs alkyl group.

In an embodiment, R* can be a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl
group, an undecyl group, a dodecyl group, a tridecyl group, a
tetradecyl group, a pentadecyl group, a hexadecyl group, a
heptadecyl group, an octadecyl group, or a nonadecyl group;
or alternatively, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, or a decyl group. In
some embodiments, R* can be a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl group, an
iso-butyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an iso-pentyl group, a sec-pentyl group, or a
neopentyl group; alternatively, a methyl group, an ethyl
group, an iso-propyl group, a tert-butyl group, or a neopentyl
group; alternatively, a methyl group; alternatively, an ethyl
group; alternatively, an n-propyl group; alternatively, an iso-
propyl group; alternatively, a tert-butyl group; or alterna-
tively, a neopentyl group. In some embodiments, the alkyl
groups which can be utilized as R? can be substituted. Each
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substituent of a substituted alkyl group independently can be
a halogen or a hydrocarboxy group; alternatively, a halogen;
or alternatively, a hydrocarboxy group. Halogens and hydro-
carboxy groups that can be utilized as substituents are inde-
pendently disclosed herein (e.g. as substituents for substi-
tuted R! groups) and can be utilized without limitation to
further describe the substituted alkyl group which can be
utilized as R

In an embodiment, R? can be a cyclobutyl group, a substi-
tuted cyclobutyl group, a cyclopentyl group, a substituted
cyclopentyl group, a cyclohexyl group, a substituted cyclo-
hexyl group, a cycloheptyl group, a substituted cycloheptyl
group, a cyclooctyl group, or a substituted cyclooctyl group.
In some embodiments, R* can be a cyclopentyl group, a
substituted cyclopentyl group, a cyclohexyl group, or a sub-
stituted cyclohexyl group. In other embodiments, R* can be a
cyclobutyl group or a substituted cyclobutyl group; alterna-
tively, a cyclopentyl group or a substituted cyclopentyl group;
alternatively, a cyclohexyl group or a substituted cyclohexyl
group; alternatively, a cycloheptyl group or a substituted
cycloheptyl group; or alternatively, a cyclooctyl group or a
substituted cyclooctyl group. In further embodiments, R* can
be a cyclopentyl group; alternatively, a substituted cyclopen-
tyl group; a cyclohexyl group; or alternatively, a substituted
cyclohexyl group.

In an embodiment, each substituent for a substituted
cycloalkyl group (general or specific) that can be utilized as
R? independently can be a halogen, a hydrocarbyl group, or a
hydrocarboxy group; alternatively, a halogen or a hydrocar-
byl group; alternatively, a halogen or a hydrocarboxy group;
alternatively, a hydrocarbyl group or a hydrocarboxy group;
alternatively, a halogen; alternatively, a hydrocarbyl group; or
alternatively, a hydrocarboxy group. In some embodiments,
each substituent for a substituted cycloalkyl group (general or
specific) that can be utilized as R independently can be a
halogen, an alkyl group, or an alkoxy group; alternatively, a
halogen or an alkyl group; alternatively, a halogen or an
alkoxy group; alternatively, an alkyl group or an alkoxy
group; alternatively, a halogen; alternatively, an alkyl group;
or alternatively, an alkoxy group. Halogens, hydrocarbyl
groups, hydrocarboxy groups, alkyl group, and alkoxy groups
that can be utilized as substituents are independently dis-
closed herein (e.g. as substituents for substituted R groups)
and can be utilized without limitation to further describe the
substituents for a substituted cycloalkyl group (general or
specific) that can be utilized as R*.

In an aspect, R* may have Structure G3:

Structure G3
RZZC R23c
RZ le
(CHa),
*
R24c RZSC

wherein, the undesignated valency is attached to the central
carbon atom of the N*-phosphinyl amidine group. Generally,
R?'¢, R**, R**°, and R**° independently can be hydrogen or
anon-hydrogen substituent, and n can be an integer from 1 to
5.In an embodiment wherein R? has Structure G3, R?!¢, R*°,
R**, and R*** can be hydrogen and R**¢ can be any non-
hydrogen substituent disclosed herein; or alternatively, R*<,
R?*¢, and R**° can be hydrogen and R**° and R** indepen-
dently can be any non-hydrogen substituent disclosed herein.
In an embodiment, n can be an integer from 1 to 4; or alter-
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natively, from 2 to 4. In other embodiments, n can be 2 or 3;
alternatively, 2; or alternatively, 3.

In an embodiment, R3¢, R?2¢, R?3¢, R?#*, and R**° inde-
pendently can be hydrogen, a halogen, a hydrocarbyl group,
or a hydrocarboxy group; alternatively, hydrogen, a halogen,
or a hydrocarbyl group; alternatively, hydrogen, a halogen, or
ahydrocarboxy group; alternatively, hydrogen, a hydrocarbyl
group, or a hydrocarboxy group; alternatively, hydrogen or a
halogen; alternatively, hydrogen or a hydrocarbyl group; or
alternatively, hydrogen or a hydrocarboxy group. In some
embodiments, R*'¢, R?*¢, R**¢, R**°, and R** independently
can be hydrogen, a halogen, an alkyl group, or an alkoxy
group; alternatively, hydrogen, a halogen, or an alkyl group;
alternatively, hydrogen, a halogen, or an alkoxy group; alter-
natively, hydrogen, an alkyl group, or an alkoxy group; alter-
natively, hydrogen or a halogen; alternatively, hydrogen or an
alkyl group; or alternatively, hydrogen or an alkoxy group.
Halogens, hydrocarbyl groups, hydrocarboxy groups, alkyl
group, and alkoxy groups that can be utilized as substituents
are independently disclosed herein (e.g. as substituents for
substituted R' groups) and can be utilized without limitation
to further describe the R* group having Structure G3.

In an embodiment, R? can be a phenyl group or a substi-
tuted phenyl group. In some embodiments, R* can be a phenyl
group; or alternatively, a substituted phenyl group. In an
embodiment, the R? substituted phenyl group can be a 2-sub-
stituted phenyl group, a 3-substituted phenyl group, a 4-sub-
stituted phenyl group, a 2,4-disubstituted phenyl group, a
2,6-disubstituted phenyl group, a 3,5-disubstituted phenyl
group, or a 2.4.6-trisubstituted phenyl group. In other
embodiments, the R* substituted phenyl group can be a 2-sub-
stituted phenyl group, a 4-substituted phenyl group, a 2,4-
disubstituted phenyl group, a 2,6-disubstituted phenyl group,
or a 2,4,6-trisubstituted phenyl group; alternatively, a 2-sub-
stituted phenyl group, a 4-substituted phenyl group, a 2,4-
disubstituted phenyl group, or a 2,6-disubstituted phenyl
group; alternatively, a 3-substituted phenyl group or a 3,5-
disubstituted phenyl group; alternatively, a 2-substituted phe-
nyl group or a 4-substituted phenyl group; alternatively, a
2,4-disubstituted phenyl group, a 2,6-disubstituted phenyl
group, or a 2,4,6-trisubstituted phenyl group; alternatively, a
2,6-disubstituted phenyl group or a 2,4,6-trisubstituted phe-
nyl group; alternatively, a 2,4-disubstituted phenyl group or a
2,6-disubstituted phenyl group; alternatively, a 2-substituted
phenyl group; alternatively, a 3-substituted phenyl group;
alternatively, a 4-substituted phenyl group; alternatively, a
2,4-disubstituted phenyl group; alternatively, a 2,6-disubsti-
tuted phenyl group; alternatively, a 3,5-disubstituted phenyl
group; or alternatively, a 2,4,6-trisubstituted phenyl group.

In an embodiment, each substituent for a substituted phe-
nyl R? group independently can be a halogen, a hydrocarbyl
group, or a hydrocarboxy group; alternatively, a halogen or a
hydrocarbyl group; alternatively, a halogen or a hydrocar-
boxy group; alternatively, a hydrocarbyl group or a hydrocar-
boxy group; alternatively, a halogen; alternatively, a hydro-
carbyl group; or alternatively, a hydrocarboxy group. In some
embodiments, each substituent for a substituted phenyl R>
group independently can be a halogen, an alkyl group, or an
alkoxy group; alternatively, a halogen or an alkyl group;
alternatively, a halogen or an alkoxy group; alternatively, an
alkyl group or an alkoxy group; alternatively, a halogen;
alternatively, an alkyl group; or alternatively, an alkoxy
group. Halogens, hydrocarbyl groups, hydrocarboxy groups,
alkyl groups, and alkoxy groups that can be utilized as sub-
stituents are independently disclosed herein (e.g. as substitu-
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ents for substituted R' groups) and can be utilized without
limitation to further describe the substituents for the substi-
tuted phenyl R? group.

In an aspect, R* can have Structure G4:

Structure G4

R23 R22

wherein the undesignated valency is attached to the N* nitro-
gen atom of the N-phosphinyl amidine group. Generally,
R??,R?*,R**,R**, and R*° independently can be hydrogen or
a non-hydrogen substituent. In an embodiment wherein R>
has Structure G4, R*?, R**, R**, R**, and R*® can be hydro-
gen, R*?, R**, R??, and R*® can be hydrogen and R*? can be a
non-hydrogen substituent, R*?, R**, R**>, and R*® can be
hydrogen and R** can be a non-hydrogen substituent, R*?,
R?*, R?*, and RS can be hydrogen and R** can be a non-
hydrogen substituent, R>*, R**, and R*° can be hydrogen and
R*? and R** can be non-hydrogen substituents, R**, R**, and
R?® can be hydrogen and R** and RS can be non-hydrogen
substituents, R*2, R**, and R can be hydrogen and R** and
R?® can be non-hydrogen substituents, or R** and R** can be
hydrogen and R*?, R**, and R*¢ can be non-hydrogen sub-
stituents. In some embodiments wherein R? has Structure G4,
R?*, R**, R**, and R?° can be hydrogen and R*? can be a
non-hydrogen substituent, R*>, R**, R*, and R*® can be
hydrogen and R** can be a non-hydrogen substituent, R**,
R?*, and R?® can be hydrogen and R** and R** can be non-
hydrogen substituents, R**, R**, and R’ can be hydrogen and
R?? and R?9 can be non-hydrogen substituents, or R** and R**
can be hydrogen and R*?*, R**, and R?® can be non-hydrogen
substituents; alternatively, R**, R**, R*°, and R?® can be
hydrogen and R*? can be a non-hydrogen substituent, R*?,
R?*, R?*, and RS can be hydrogen and R** can be a non-
hydrogen substituent, R**, R**, and R*® can be hydrogen and
R?? and R** can be non-hydrogen substituents, or R**, R**,
and R*® can be hydrogen and R** and R*° can be non-hydro-
gen substituents; alternatively, R**, R**, R?%, and R*¢ can be
hydrogen and R** can be a non-hydrogen substituent, or R*?,
R**, and R?® can be hydrogen and R** and R* can be non-
hydrogen substituents; alternatively, R**>, R**, R*°, and RS
can be hydrogen and R** can be a non-hydrogen substituent,
or R??, R**, R*®, and RS can be hydrogen and R** can be a
non-hydrogen substituent; alternatively, R**>, R*>, and RS
can be hydrogen and R*? and R** can be non-hydrogen sub-
stituents, R>*, R**, and R** can be hydrogen and R** and R*®
can be non-hydrogen substituents, or R** and R*® can be
hydrogen and R*?, R**, and R*® can be non-hydrogen sub-
stituents; or alternatively, R**, R**, and RS can be hydrogen
and R*? and R** can be non-hydrogen substituents, or R**,
R?*, and R* can be hydrogen and R** and R*° can be non-
hydrogen substituents. In other embodiments wherein R? has
Structure G4, R*?, R**, R**, R*®, and R?® can be hydrogen;
alternatively, R**, R**, R**, and R*® can be hydrogen and R**
can be a non-hydrogen substituent; alternatively, R*?, R**,
R?*, and R? can be hydrogen and R can be a non-hydrogen
substituent; alternatively, R*>, R**, R**, and R?® can be
hydrogen and R?* can be a non-hydrogen substituent; alter-
natively, R**, R**, and R? can be hydrogen and R**, R*? and
R?* can be non-hydrogen substituents; alternatively, R**, R**
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and R*® can be hydrogen and R** and R*° can be non-hydro-
gen substituents; alternatively, R**>, R**, and R?® can be
hydrogen and R*® and R?* and can be non-hydrogen substitu-
ents; or alternatively, R**> and R** can be hydrogen and R*?,
R**, and R?° can be non-hydrogen substituents.

In an embodiment, the non-hydrogen substituents that can
be utilized as R**, R**, R**, R**, and R*® in the R? group
having Structure G4 independently can be a halogen, a hydro-
carbyl group, or a hydrocarboxy group; alternatively, a halo-
gen or a hydrocarbyl group; alternatively, a halogen or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group. In
some embodiments, the non-hydrogen substituents that can
be utilized as R*?, R**, R**, R*, and RS in the R* group
having Structure G4 independently can be a halogen, an alkyl
group, or an alkoxy group; alternatively, a halogen or an alkyl
group; alternatively, a halogen or an alkoxy group; alterna-
tively, an alkyl group or an alkoxy group; alternatively, a
halogen; alternatively, an alkyl group; or alternatively, an
alkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy
groups, alkyl groups, and alkoxy groups that can be utilized as
substituents are independently disclosed herein (e.g. as sub-
stituents for substituted R' groups) and can be utilized with-
out limitation to further describe the R* group having Struc-
ture G4.

Inan aspect, R? can be a benzyl group, a substituted benzyl
group, a 1-phenyleth-1-yl group, a substituted 1-phenyleth-
1-yl, a 2-phenyleth-1-yl group, or a substituted 2-phenyleth-
1-yl group. In an embodiment, R* can be a benzyl group, or a
substituted benzyl group; alternatively, a 1-phenyleth-1-yl
group or a substituted 1-phenyleth-1-yl; alternatively, a
2-phenyleth-1-yl group or a substituted 2 -phenyleth-1-yl
group; or alternatively, a benzyl group, a 1-phenyleth-1-yl
group, or a 2-phenyleth-1-yl group. In some embodiments, R*
can be a benzyl group; alternatively, a substituted benzyl
group; alternatively, a 1-phenyleth-1-yl group; alternatively, a
substituted 1-phenyleth-1-yl; alternatively, a 2-phenyleth-1-
yl group; or alternatively, a substituted 2-phenyleth-1-yl
group.

Inan embodiment, each substituent for a substituted benzyl
group, a 1-phenyleth-1-yl group, or a 2-phenyleth-1-yl group
(general or specific) that can be utilized as R? independently
can be a halogen, a hydrocarbyl group, or a hydrocarboxy
group; alternatively, a halogen or a hydrocarbyl group; alter-
natively, a halogen or a hydrocarboxy group; alternatively, a
hydrocarbyl group or a hydrocarboxy group; alternatively, a
halogen; alternatively, a hydrocarbyl group; or alternatively, a
hydrocarboxy group. In some embodiments, each substituent
for a substituted benzyl group, 1-phenyleth-1-yl group, or a
2-phenyleth-1-yl group (general or specific) that can be uti-
lized as R? independently can be halogen, an alkyl group, or
an alkoxy group; alternatively, a halogen or an alkyl group;
alternatively, a halogen or an alkoxy group; alternatively, an
alkyl group or an alkoxy group; alternatively, a halogen;
alternatively, an alkyl group; or alternatively, an alkoxy
group. Halogens, hydrocarbyl groups, hydrocarboxy groups,
alkyl groups, and alkoxy groups that can be utilized as sub-
stituents are independently disclosed herein (e.g. as substitu-
ents for substituted R' groups) and can be utilized without
limitation to further describe the substituents for the substi-
tuted benzyl group, 1-phenyleth-1-yl group, or a 2-phenyleth-
1-y1 group (general or specific) that can be utilized as R?.

In an aspect, R can be a pyridinyl group, a substituted
pyridinyl group, a furyl group, a substituted furyl group, a
thienyl group, or a substituted thienyl group. In an embodi-
ment, R? can be a pyridinyl group or a substituted pyridinyl
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group; alternatively, a furyl group or a substituted furyl group;
or alternatively, a thienyl group or a substituted thienyl group.
In some embodiments, R* can be a pyridinyl group, a furyl
group, or a thienyl group. In other embodiments, R? can be a
pyridinyl group; alternatively, a substituted pyridinyl group;
alternatively, a furyl group; alternatively, a substituted furyl
group; alternatively, a thienyl group; or alternatively, a sub-
stituted thienyl group.

In an embodiment, the pyridinyl (or substituted pyridinyl)
R? group can be a pyridin-2-yl group, a substituted pyridin-
2-yl group, a pyridin-3-yl group, a substituted pyridin-3-yl
group, a pyridin-4-yl group, or a substituted pyridin-4-yl
group; alternatively, a pyridin-2-yl group, a pyridin-3-yl
group, or a pyridin-4-yl group. In some embodiments, the
pyridinyl (or substituted pyridinyl) R* group can be a pyridin-
2-yl group or a substituted pyridin-2-y1 group; alternatively, a
pyridin-3-yl group or a substituted pyridin-3-yl group; alter-
natively, a pyridin-4-yl group or a substituted pyridin-4-yl
group; alternatively, a pyridin-2-yl group; alternatively, a sub-
stituted pyridin-2-yl group; alternatively, a pyridin-3-yl
group; alternatively, a substituted pyridin-3-yl group; alter-
natively, a pyridin-4-yl group; or alternatively, a substituted
pyridin-4-yl group. In an embodiment, the substituted pyridi-
nyl R? group can be a 2 substituted pyridin-3-yl group, a
4-substituted pyridin-3-yl group, a S-substituted pyridin-3-yl
group, a 6-substituted pyridin-3-yl group, a 2,4-disubstituted
pyridin-3-yl group, a 2,6-disubstituted pyridin-3-yl group, or
a 2.4.6-trisubstituted pyridin-3-yl group; alternatively, a
2-substituted pyridin-3-yl group, a 4-substituted pyridin-3-yl
group, or a 6-substituted pyridin-3-yl group; alternatively, a
2,4-disubstituted pyridin-3-yl group or a 2,6-disubstituted
pyridin-3-yl group; alternatively, a 2-substituted pyridin-3-yl
group; alternatively, a 4-substituted pyridin-3-yl group; alter-
natively, a 5-substituted pyridin-3-yl group; alternatively, a
6-substituted pyridin-3-yl group; alternatively, a 2,4-disub-
stituted pyridin-3-yl group; alternatively, a 2,6-disubstituted
pyridin-3-yl group; or alternatively, a 2,4,6-trisubstituted
pyridin-3-yl group. In an embodiment, the substituted pyridi-
nyl R? group can be a 2-substituted pyridin-4-yl group, a
3-substituted pyridin-4-yl group, a S-substituted pyridin-4-yl
group, a 6-substituted pyridin-4-yl group, a 2,6-disubstituted
pyridin-4-yl group, or a 3,5-disubstituted pyridin-4-yl group;
alternatively, a 2-substituted pyridin-4-yl group or a 6-substi-
tuted pyridin-4-yl group; alternatively, a 3-substituted pyri-
din-4-yl group or a 5-substituted pyridin-4-yl group; alterna-
tively, a 2-substituted pyridin-4-yl group; alternatively, a
3-substituted pyridin-4-yl group; alternatively, a 5-substi-
tuted pyridin-4-yl group; alternatively, a 6-substituted pyri-
din-4-yl group; alternatively, a 2,6-disubstituted pyridin-4-yl
group; or alternatively, a 3,5-disubstituted pyridin-4-yl
group.

In an embodiment, the furyl (or substituted furyl) R? group
can be a fur-2-yl group, a substituted fur-2-yl group, a fur-3-yl
group, or a substituted fur-3-y1 group; alternatively, a fur-2-yl
or a fur-3-yl group. In some embodiments, the furyl (or sub-
stituted furyl) R* group can be a fur-2-yl group or a substi-
tuted fur-2-yl group; alternatively, a fur-3-yl group or a sub-
stituted fur-3-yl group; alternatively, a fur-2-yl group;
alternatively, a substituted fur-2-yl group; alternatively, a fur-
3-yl group; or alternatively, a substituted fur-3-yl group. Inan
embodiment, the substituted furyl R* group can be a 2-sub-
stituted fur-3-yl group, a 4-substituted fur-3-yl group, or a
2,4-disubstituted fur-3-yl group; alternatively, a 2-substituted
fur-3-yl group; alternatively, a 4-substituted fur-3-yl group;
or alternatively, a 2.4-disubstituted fur-3-yl group.

In an embodiment, the thienyl (or substituted thienyl) R?
group can be a thien-2-yl group, a substituted thien-2-yl
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group, a thien-3-yl group, or a substituted thien-3-yl group;
alternatively, a thien-2-y1 group or athien-3-yl group. Insome
embodiments, the thienyl (or substituted thienyl) R* group
can be a thien-2-yl group or a substituted thien-2-yl group;
alternatively, a thien-3-yl group or a substituted thien-3-yl
group; alternatively, a thien-2-yl group; alternatively, a sub-
stituted thien-2-yl group; alternatively, a thien-3-yl group; or
alternatively, a substituted thien-3-yl group. In an embodi-
ment, the substituted thienyl R* group can be a 2-substituted
thien-3-yl group, a 4-substituted thien-3-yl group, or a 2.4-
disubstituted thien-3-yl group; alternatively, a 2-substituted
thien-3-yl group; alternatively, a 4-substituted thien-3-yl
group; or alternatively, a 2,4-disubstituted thien-3-yl group.

In an embodiment, each substituent for a substituted
pyridinyl, furyl, or thienyl groups (general or specific) that
can be utilized as R? independently can be a halogen, a hydro-
carbyl group, or a hydrocarboxy group; alternatively, a halo-
gen or a hydrocarbyl group; alternatively, a halogen or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group. In
some embodiments, each substituent for a substituted pyridi-
nyl, furyl, and/or or thienyl group (general or specific) that
can be utilized as R? independently can be halogen, an alkyl
group, or an alkoxy group; alternatively, a halogen or an alkyl
group; alternatively, a halogen or an alkoxy group; alterna-
tively, an alkyl group or an alkoxy group; alternatively, a
halogen; alternatively, an alkyl group; or alternatively, an
alkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy
groups, alkyl groups, and alkoxy groups that can be utilized as
substituents are independently disclosed herein (e.g. as sub-
stituents for substituted R' groups) and can be utilized with-
out limitation to further describe the substituents for the sub-
stituted pyridinyl, furyl, and/or thienyl groups (general or
specific) that can be utilized as R?.

General and specific non-hydrogen substituents of a sub-
stituted cycloalkyl group (general or specific), a substituted
aliphatic heterocyclic group (general or specific), a substi-
tuted cycloheteryl group (general or specific), a substituted
aromatic group (general or specific), a substituted aryl group
(general or specific), a substituted aralkyl group (general or
specific), a substituted heteroaryl group (general or specific),
or a substituted arylheteryl group (general or specific) are
disclosed herein. These general and specific non-hydrogen
substituents can be utilized, without limitation, to further
describe the substituted cycloalkyl groups (general or spe-
cific), substituted aliphatic heterocyclic groups (general or
specific), substituted cycloheteryl groups (general or spe-
cific), substituted aromatic groups (general or specific), sub-
stituted aryl groups (general or specific), substituted het-
eroaryl groups (general or specific), substituted arylheteryl
group (general or specific), or any other general or specific
group which can be utilized as R*.

In a non-limiting embodiment, R? can be a phenyl group, a
2-alkylphenyl group, a 3-alkylphenyl group, a 4-alkylphenyl
group, a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group,
a 3,5-dialkylphenyl group, or a 2,4,6-trialkylphenyl group;
alternatively, a 2-alkylphenyl group, a 4-alkylphenyl group, a
2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, ora 2.4,
6-trialkylphenyl group; alternatively, a 2-alkylphenyl group
or a 4-alkylphenyl group; alternatively, a 2,4-dialkylphenyl
group, a 2,6-dialkylphenyl group, or a 2,4,6-trialkylphenyl
group; alternatively, a 2,4-dialkylphenyl group or a 2,6-di-
alkylphenyl group; alternatively, a 2,6-dialkylphenyl group,
or a2,4,6-trialkylphenyl group; alternatively, a 3-alkylphenyl
group or a 3,5-dialkylphenyl group; alternatively, a 2-alky-
Iphenyl group or a 2,6-dialkylphenyl group; alternatively, a



US 9,283,555 B2

45

2-alkylphenyl group; alternatively, a 3-alkylphenyl group;
alternatively, a 4-alkylphenyl group; alternatively, a 2,4-di-
alkylphenyl group; alternatively, a 2,6 -dialkylphenyl group;
alternatively, a 3,5-dialkylphenyl group; or alternatively, a
2,4,6-trialkylphenyl group. In another non-limiting embodi-
ment, R? can be a phenyl group, a 2-alkoxyphenyl group, a
3-alkoxyphenyl group, a 4-alkoxyphenyl group, or 3,5-di-
alkoxyphenyl group; alternatively, a 2-alkoxyphenyl group or
a 4-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl
group or 3,5-dialkoxyphenyl group; alternatively, a 2-alkox-
yphenyl group; alternatively, 3-alkoxyphenyl group; alterna-
tively, a 4-alkoxyphenyl group; alternatively, 3,5-dialkox-
yphenyl group. In other non-limiting embodiments, R* can be
a phenyl group, a 2-halophenyl group, a 3-halophenyl group,
a 4-halophenyl group, a 2,6-dihalophenylgroup, or a 3,5-
dialkylphenyl group; alternatively, a 2-halophenyl group, a
4-halophenyl group, or a 2,6-dihalophenyl group; alterna-
tively, a 2-halophenyl group or a 4-halophenyl group; alter-
natively, a 3-halophenyl group or a 3,5-dihalophenyl group;
alternatively, a 2-halophenyl group; alternatively, a
3-halophenyl group; alternatively, a 4-halophenyl group;
alternatively, a 2,6-dihalophenylgroup; or alternatively, a 3,5-
dihalophenyl group. Halides, alkyl group substituents, and
alkoxy group substituents are independently described herein
and can be utilized, without limitation, to further describe the
alkylphenyl, dialkylphenyl, trialkylphenyl, alkoxyphenyl,
dialkoxyphenyl, halophenyl, or dihalophenyl groups that can
be utilized R?. Generally, the halides, alkyl substituents, or
alkoxy substituents of a dialkyl, trialkyl phenyl, dialkoxyphe-
nyl, or dihalophenyl groups can be the same; or alternatively,
the halo, alkyl substituents, or alkoxy substituents of alky-
Iphenyl, dialkylphenyl, trialkylphenyl, dialkoxyphenyl, or
dihalophenyl groups can be different.

In a non-limiting embodiment, R? can be a 2-methylphenyl
group, a 2-ethylphenyl group, a 2-isopropylphenyl group, a
2-tert-butylphenyl group, a 4-methylphenyl group, a 4-eth-
ylphenyl group, a 4-isopropylphenyl group, or a 4-tert-bu-
tylphenyl group; alternatively, a 2-methylphenyl group, a
2-ethylphenyl group, a 2-isopropylphenyl group, or a 2-tert-
butylphenyl group; alternatively, a 4-methylphenyl group, a
4-ethylphenyl group, a 4-isopropylphenyl group, or a 4-tert-
butylphenyl group; alternatively, a 2-methylphenyl group;
alternatively, a 2-ethylphenyl group; alternatively, a 2-isopro-
pylphenyl group; alternatively, a 2-tert-butylphenyl group;
alternatively, a 4-methylphenyl group; alternatively, a 4-eth-
ylphenyl group; alternatively, a 4-isopropylphenyl group; or
alternatively, a 4-tert-butylphenyl group. In another non-lim-
iting embodiment, R* can be a 2-methoxyphenyl group, a
2-ethoxyphenyl group, a 2-isopropoxyphenyl group, a 2-tert-
butoxyphenyl group, a 4-methoxyphenyl group, a 4-ethox-
yphenyl group, a 4-isopropoxyphenyl group, or a 4-tert-bu-
toxyphenyl group; alternatively, a 2-methoxyphenyl group, a
2-ethoxyphenyl group, a 2-isopropoxyphenyl group, or a
2-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl
group, a 4-ethoxyphenyl group, a 4-isopropoxyphenyl group,
or a 4-tert-butoxyphenyl group; alternatively, a 2-methox-
yphenyl group; alternatively, a 2-ethoxyphenyl group; alter-
natively, a 2-isopropoxyphenyl group; alternatively, a 2-tert-
butoxyphenyl group; alternatively, a 4-methoxyphenyl
group; alternatively, a 4-ethoxyphenyl group; alternatively, a
4-isopropoxyphenyl group; or alternatively, a 4-tert-butox-
yphenyl group. In other non-limiting embodiments, R* can be
a 2-fluorophenyl group, a 2-chlorophenyl group, a 3-fluo-
rophenyl group, a 3-chlorophenyl group, a 4-fluorophenyl
group, a 4-chlorophenyl group, a 3,5-difluoropheny! group,
ora3,5-dichlorophenyl group; alternatively, a 2-fluorophenyl
group or a 2-chlorophenyl group; alternatively, a 3-fluo-
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rophenyl group or a 3-chlorophenyl group; alternatively, a
4-fluorophenyl group or a 4-chlorophenyl group; alterna-
tively, a 3,5-difluorophenyl group or a 3,5-dichlorophenyl
group; alternatively, a 3-fluorophenyl group, a 3-chlorophe-
nyl group, a 3,5-difluorophenyl group or a 3,5-dichlorophe-
nyl group; alternatively, a 3-fluorophenyl group or a 3,5-
difluorophenyl group; alternatively, a 2-fluorophenyl group;
alternatively, a 2-chlorophenyl group; alternatively, a 3-fluo-
rophenyl group; alternatively, a 3-chlorophenyl group; alter-
natively, a 4-fluorophenyl group; alternatively, a 4-chlorophe-
nyl; alternatively, a 3,5-difluorophenyl group; or
alternatively, a 3,5-dichlorophenyl group.

Inan aspect, R* can be hydrogen. In another aspect, R* can
be an organyl group, an organyl group consisting essentially
of inert functional groups, or a hydrocarbyl group. In an
embodiment, R* can be a C, to Cs, organyl group; alterna-
tively, a C, to C,, organyl group; alternatively, a C, to C,
organyl group; alternatively, a C, to C,, organyl group; or
alternatively, a C, to C5 organyl group. In an embodiment, R?
canbeaC, to C;, organyl group consisting essentially of inert
functional groups; alternatively, a C, to C,, organyl group
consisting essentially of inert functional groups; alterna-
tively, a C, to C, s organyl group consisting essentially of inert
functional groups; alternatively, a C, to C,,, organyl group
consisting essentially of inert functional groups; or alterna-
tively, a C, to C organyl group consisting essentially of inert
functional groups. In an embodiment, R* can be a C, to C,,
hydrocarbyl group; alternatively, a C, to C,, hydrocarbyl
group; alternatively, a C, to C, 5 hydrocarbyl group; alterna-
tively, a C, to C, , hydrocarbyl group; or alternatively, a C, to
C, hydrocarbyl group. In yet other embodiments, R> may be
a C;to C;, aromatic group; alternatively, a C; to C,, aromatic
group; alternatively, a C, to C, 5 aromatic group; or alterna-
tively, a C; to C, , aromatic group.

In an aspect, R® can be a C, to Cs,, alkyl group, a C, to C4,
cycloalkyl group, a C, to C,,, substituted cycloalkyl group, a
C; to C, aliphatic heterocyclic group, a C; to C;, substituted
aliphatic heterocyclic group, a C4 to Cs, aryl group, a Cg to
C,, substituted aryl group, a C; to C,, heteroaryl group, or a
C, to C,, substituted heteroaryl group; alternatively, a C, to
C;, alkyl group, a C, to C,, cycloalkyl group, a C, to Cs
substituted cycloalkyl group, a Cto C,, aryl group, ora Cg to
C;, substituted aryl group; alternatively, a C, to Csq
cycloalkyl group or a C, to C;, substituted cycloalkyl group;
alternatively, a C; to C;, aliphatic heterocyclic group or a C,
to C,, substituted aliphatic heterocyclic group; alternatively,
a C, to C,, aryl group or a C to C;, substituted aryl group;
alternatively, a C; to C;, heteroaryl group or a C; to Cs
substituted heteroaryl group; alternatively, a C, to C;, alkyl
group; alternatively, a C, to C;, cycloalkyl group; alterna-
tively, a C, to C,, substituted cycloalkyl group; alternatively,
a C; to C; aliphatic heterocyclic group; alternatively, a C; to
C,, substituted aliphatic heterocyclic group; alternatively, a
C, to C,, aryl group; alternatively, a Cy to C,, substituted aryl
group; alternatively, a C; to C;, heteroaryl group; or alterna-
tively, a C; to C;, substituted heteroaryl group. In an embodi-
ment, R®>canbe aC, to C,  alkyl group, a C, to C,, cycloalkyl
group, a C, to C,, substituted cycloalkyl group, a C; to C,,
aliphatic heterocyclic group, a C; to C,, substituted aliphatic
heterocyclic group, a C4 to C,, aryl group, a C, to C, sub-
stituted aryl group, a C; to C,, heteroaryl group, oraC;to C,,
substituted heteroaryl group; alternatively, a C, to C, 5 alkyl
group, a C, to C,, cycloalkyl group, a C, to C,, substituted
cycloalkyl group, a C4 to C,, aryl group, or a Cg to C,
substituted aryl group; alternatively, a C, to C,, cycloalkyl
group or a C, to C,, substituted cycloalkyl group; alterna-
tively, a C; to C,, aliphatic heterocyclic group or a C; to C,
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substituted aliphatic heterocyclic group; alternatively, a C, to
C,, aryl group or a C, to C,, substituted aryl group; alterna-
tively, a C; to C,, heteroaryl group or a C; to C,, substituted
heteroaryl group; alternatively, a C, to C, 5 alkyl group; alter-
natively, a C, to C,, cycloalkyl group; alternatively, a C, to
C,, substituted cycloalkyl group; alternatively, a C; to C,
aliphatic heterocyclic group; alternatively, a C; to C,, substi-
tuted aliphatic heterocyclic group; alternatively, a C, to C,
aryl group; alternatively, a C; to C,,, substituted aryl group;
alternatively, a C; to C,, heteroaryl group; or alternatively, a
C, to C,, substituted heteroaryl group. In other embodiments,
R? can be a C, to C,, alkyl group, a C, to C, 5 cycloalkyl
group, a C, to C, 5 substituted cycloalkyl group, a C; to C 5
aliphatic heterocyclic group, a C, to C, 5 substituted aliphatic
heterocyclic group, a C4 to C, 5 aryl group, a C, to C, 5 sub-
stituted aryl group, a C; to C, s heteroaryl group,oraC;to C 5
substituted heteroaryl group; alternatively, a C, to C,,, alkyl
group, a C, to C, 5 cycloalkyl group, a C, to C, 5 substituted
cycloalkyl group, a C4 to C,5 aryl group, or a Cg to C 5
substituted aryl group; alternatively, a C, to C, 5 cycloalkyl
group or a C, to C,; substituted cycloalkyl group; alterna-
tively, a C; to C, 5 aliphatic heterocyclic group ora C; to C, 5
substituted aliphatic heterocyclic group; alternatively, a Cto
C, 5 aryl group or a C, to C, 5 substituted aryl group; alterna-
tively, a C; to C, 5 heteroaryl group or a C; to C, 5 substituted
heteroaryl group; alternatively, a C, to C,, alkyl group; alter-
natively, a C, to C, 5 cycloalkyl group; alternatively, a C, to
C, 5 substituted cycloalkyl group; alternatively, a C; to C,
aliphatic heterocyclic group; alternatively, a C; to C, 5 substi-
tuted aliphatic heterocyclic group; alternatively, a Cg to C, 5
aryl group; alternatively, a C, to C, 5 substituted aryl group;
alternatively, a C; to C, 5 heteroaryl group; or alternatively, a
C, to C,; substituted heteroaryl group. In further embodi-
ments, R® canbe a C, to Cs alkyl group

In an embodiment, R® can be a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl
group, a undecyl group, a dodecyl group, a tridecyl group, a
tetradecyl group, a pentadecyl group, a hexadecyl group, a
heptadecyl group, an octadecyl group, or a nonadecyl group;
or alternatively, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, or a decyl group. In
some embodiments, R* can be a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl group, an
iso-butyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an iso-pentyl group, a sec-pentyl group, or a
neopentyl group; alternatively, a methyl group, an ethyl
group, an iso-propyl group, a tert-butyl group, or a neopentyl
group; alternatively, a methyl group; alternatively, an ethyl
group; alternatively, an n-propyl group; alternatively, an iso-
propyl group; alternatively, a tert-butyl group; or alterna-
tively, a neopentyl group. In some embodiments, the alkyl
groups which can be utilized as R? can be substituted. Each
substituent of a substituted alkyl group independently can be
a halogen or a hydrocarboxy group; alternatively, a halogen;
or alternatively, a hydrocarboxy group. Halogens and hydro-
carboxy groups that can be utilized as substituents are inde-
pendently disclosed herein (e.g. as substituents for substi-
tuted R! groups) and can be utilized without limitation to
further describe the substituted alkyl group which can be
utilized as R>.

In an embodiment, R can be a cyclobutyl group, a substi-
tuted cyclobutyl group, a cyclopentyl group, a substituted
cyclopentyl group, a cyclohexyl group, a substituted cyclo-
hexyl group, a cycloheptyl group, a substituted cycloheptyl
group, a cyclooctyl group, or a substituted cyclooctyl group.
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In some embodiments, R*> can be a cyclopentyl group, a
substituted cyclopentyl group, a cyclohexyl group, or a sub-
stituted cyclohexyl group. In other embodiments, R® can be a
cyclobutyl group or a substituted cyclobutyl group; alterna-
tively, a cyclopentyl group or a substituted cyclopentyl group;
alternatively, a cyclohexyl group or a substituted cyclohexyl
group; alternatively, a cycloheptyl group or a substituted
cycloheptyl group; or alternatively, a cyclooctyl group or a
substituted cyclooctyl group. In further embodiments, R* can
be a cyclopentyl group; alternatively, a substituted cyclopen-
tyl group; a cyclohexyl group; or alternatively, a substituted
cyclohexyl group.

In an embodiment, each substituent for a substituted
cycloalkyl group (general or specific) that can be utilized as
R? independently can be a halogen, a hydrocarbyl group, ora
hydrocarboxy group; alternatively, a halogen or a hydrocar-
byl group; alternatively, a halogen or a hydrocarboxy group;
alternatively, a hydrocarbyl group or a hydrocarboxy group;
alternatively, a halogen; alternatively, a hydrocarbyl group; or
alternatively, a hydrocarboxy group. In some embodiments,
each substituent for a substituted cycloalkyl group (general or
specific) that can be utilized as R* independently can be a
halogen, an alkyl group, or an alkoxy group; alternatively, an
alkyl group or an alkoxy group; alternatively, a halogen or an
alkyl group; alternatively, a halogen or an alkoxy group;
alternatively, a halogen; alternatively, an alkyl group; or alter-
natively, an alkoxy group. Halogens, hydrocarbyl groups,
hydrocarboxy groups, alkyl group, and alkoxy groups that
can be utilized as substituents are independently disclosed
herein (e.g. as substituents for substituted R groups) and can
be utilized without limitation to further describe the substitu-
ents for a substituted cycloalkyl group (general or specific)
that can be utilized as R>.

In an aspect, R* can have Structure G5:

Structure G5
R3ZC R33c
R3 le
(CHz),
*
R34c R3 S5c¢

wherein, the undesignated valency is attached to the N* nitro-
gen atom of the N*-phosphinyl amidine group. Generally,
R3¢, R*?, R**°, R**, and R**° independently can be hydro-
gen or a non-hydrogen substituent, and n can be an integer
from 1 to 5. In an embodiment wherein R> has Structure G5,
R3¢, R** R**, and R*>*° can be hydrogen and R>2° can be
any non-hydrogen substituent disclosed herein; or alterna-
tively, R*!¢, R3*<, and R*>° can be hydrogen and R*>< and R*>*°
independently can be any non-hydrogen substituent disclosed
herein. In an embodiment, n can be an integer from 1 to 4; or
alternatively, from 2 to 4. In other embodiments, ncanbe 2 or
3; alternatively, 2; or alternatively, 3.

In an embodiment, R*'¢, R3?¢, R3¢, R** and R**° inde-
pendently can be hydrogen, a halogen, a hydrocarbyl group,
or a hydrocarboxy group; alternatively, hydrogen, a halogen,
or a hydrocarbyl group; alternatively, hydrogen, a halogen, or
ahydrocarboxy group; alternatively, hydrogen, a hydrocarbyl
group, or a hydrocarboxy group; alternatively, hydrogen or a
halogen; alternatively, hydrogen or a hydrocarbyl group; or
alternatively, hydrogen or a hydrocarboxy group. In some
embodiments, R*!¢, R3?¢, R**° R>*°, and R*>° independently
can be hydrogen, a halogen, an alkyl group, or an alkoxy
group; alternatively, hydrogen, a halogen, or an alkyl group;
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alternatively, hydrogen, a halogen, or an alkoxy group; alter-
natively, an alkyl group or an alkoxy group; alternatively,
hydrogen or a halogen; alternatively, hydrogen or an alkyl
group; or alternatively, hydrogen or an alkoxy group. Halo-
gens, hydrocarbyl groups, hydrocarboxy groups, alkyl
groups, and alkoxy groups that can be utilized as substituents
are independently disclosed herein (e.g. as substituents for
substituted R' groups) and can be utilized without limitation
to further describe the R? group having Structure G5.

In an embodiment, R® can be a phenyl group or a substi-
tuted phenyl group. In some embodiments, R* can be a phenyl
group; or alternatively, a substituted phenyl group. In an
embodiment, the R? substituted phenyl group can be a 2-sub-
stituted phenyl group, a 3-substituted phenyl group, a 4-sub-
stituted phenyl group, a 2,4-disubstituted phenyl group, a
2,6-disubstituted phenyl group, a 3,5-disubstituted phenyl
group, or a 24.6-trisubstituted phenyl group. In other
embodiments, the R? substituted phenyl group can be a 2-sub-
stituted phenyl group, a 4-substituted phenyl group, a 2,4-
disubstituted phenyl group, a 2,6-disubstituted phenyl group,
or a 2,4,6-trisubstituted phenyl group; alternatively, a 2-sub-
stituted phenyl group, a 4-substituted phenyl group, a 2,4-
disubstituted phenyl group, or a 2,6-disubstituted phenyl
group; alternatively, a 3-substituted phenyl group or a 3,5-
disubstituted phenyl group; alternatively, a 2-substituted phe-
nyl group or a 4-substituted phenyl group; alternatively, a
2,4-disubstituted phenyl group, a 2,6-disubstituted phenyl
group, or a 2,4,6-trisubstituted phenyl group; alternatively, a
2,6-disubstituted phenyl group or a 2,4,6-trisubstituted phe-
nyl group; alternatively, a 2,4-disubstituted phenyl group or a
2,6-disubstituted phenyl group; alternatively, a 2-substituted
phenyl group; alternatively, a 3-substituted phenyl group;
alternatively, a 4-substituted phenyl group; alternatively, a
2,4-disubstituted phenyl group; alternatively, a 2,6-disubsti-
tuted phenyl group; alternatively, a 3,5-disubstituted phenyl
group; or alternatively, a 2,4,6-trisubstituted phenyl group.

In an embodiment, each substituent for a substituted phe-
nyl R? group independently can be a halogen, a hydrocarbyl
group, or a hydrocarboxy group; alternatively, a halogen or a
hydrocarbyl group; alternatively, a halogen or a hydrocar-
boxy group; alternatively, a hydrocarbyl group or a hydrocar-
boxy group; alternatively, a halogen; alternatively, a hydro-
carbyl group; or alternatively, a hydrocarboxy group. In some
embodiments, each substituent for a substituted phenyl R>
group independently can be a halogen, an alkyl group, or an
alkoxy group; alternatively, a halogen or an alkyl group;
alternatively, a halogen or an alkoxy group; alternatively, an
alkyl group or an alkoxy group; alternatively, a halogen;
alternatively, an alkyl group; or alternatively, an alkoxy
group. Halogens, hydrocarbyl groups, hydrocarboxy groups,
alkyl groups, and alkoxy groups that can be utilized as sub-
stituents are independently disclosed herein (e.g. as substitu-
ents for substituted R' groups) and can be utilized without
limitation to further describe the substituents for the substi-
tuted phenyl R® group.

In an aspect, R? can have Structure G6:

Structure G6
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wherein the undesignated valency is attached to the N* nitro-
gen atom of the N*-phosphinylamidine group. Generally,
R?*?,R*?,R**, R** and R*° independently can be hydrogen or
a non-hydrogen substituent. In an embodiment wherein R>
has Structure G6, R*?, R**, R**, R**, and R*® can be hydro-
gen, R**, R** R?*, and RS can be hydrogen and R>* can be a
non-hydrogen substituent, R*>2, R**, R**, and R*® can be
hydrogen and R?® can be a non-hydrogen substituent, R>?,
R*, R**, and R can be hydrogen and R** can be a non-
hydrogen substituent, R**>, R**, and R*° can be hydrogen and
R?? and R** can be non-hydrogen substituents, R**, R>*, and
R’ can be hydrogen and R** and R*S can be non-hydrogen
substituents, R**, R**, and R*® can be hydrogen and R** and
R’ can be non-hydrogen substituents, or R** and R* can be
hydrogen and R*?, R** and R*® can be non-hydrogen sub-
stituents. In some embodiments wherein R? has Structure G6,
R?*?, R*, R*®, and R*° can be hydrogen and R>? can be a
non-hydrogen substituent, R*3, R** R*?, and R*° can be
hydrogen and R** can be a non-hydrogen substituent, R**,
R?®, and R*® can be hydrogen and R*>? and R** can be non-
hydrogen substituents, R**, R**, and R*® can be hydrogen and
R?? and R*® can be non-hydrogen substituents, or R**> and R*
can be hydrogen and R*?, R**, and R*® can be non-hydrogen
substituents; alternatively, R>*, R**, R*, and R>® can be
hydrogen and R?? can be a non-hydrogen substituent, R>?,
R*, R**, and R can be hydrogen and R** can be a non-
hydrogen substituent, R**, R**, and R*° can be hydrogen and
R>*? and R** can be non-hydrogen substituents, or R**, R**,
and R*® can be hydrogen and R>? and R*° can be non-hydro-
gen substituents; alternatively, R**, R3*, R*°, and R*¢ can be
hydrogen and R** can be a non-hydrogen substituent, or R>?,
R**, and R*® can be hydrogen and R** and R** can be non-
hydrogen substituents; alternatively, R>*, R**, R**, and RS
can be hydrogen and R>? can be a non-hydrogen substituent,
or R*2, R*3, R**, and R*° can be hydrogen and R** can be a
non-hydrogen substituent; alternatively, R>*, R*>, and R>S
can be hydrogen and R>? and R** can be non-hydrogen sub-
stituents, R**, R**, and R® can be hydrogen and R*Z and R>¢
can be non-hydrogen substituents, or R>* and R* can be
hydrogen and R*2, R**, and R*¢ can be non-hydrogen sub-
stituents; or alternatively, R*>, R*°, and R>® can be hydrogen
and R** and R** can be non-hydrogen substituents, or R**,
R**, and R*’ can be hydrogen and R>? and R>® can be non-
hydrogen substituents. In other embodiments wherein R> has
Structure G6, R*2, R*3, R** R*?, and R> can be hydrogen;
alternatively, R**, R**, R**, and R*° can be hydrogen and R*>
can be a non-hydrogen substituent; alternatively, R*?, R**,
R?®, and R*® can be hydrogen and R** can be a non-hydrogen
substituent; alternatively, R*?, R**, R?>, and RS can be
hydrogen and R>* can be a non-hydrogen substituent; alter-
natively, R*®, R*®, and R*® can be hydrogen and R*? and R**
can be non-hydrogen substituents; alternatively, R>*, R**, and
R?® can be hydrogen and R** and R*S can be non-hydrogen
substituents; alternatively, R>?, R**, and R*° can be hydrogen
and R** and R*® and can be non-hydrogen substituents; or
alternatively, R>® and R® can be hydrogen and R*?, R**, and
R?S can be non-hydrogen substituents.

In an embodiment, the non-hydrogen substituents that can
be utilized as R*?, R**, R3** R*°, and R*® in the R? group
having Structure G6 independently can be a halogen, a hydro-
carbyl group, or a hydrocarboxy group; alternatively, a halo-
gen or a hydrocarbyl group; alternatively, a halogen or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group. In
some embodiments, the non-hydrogen substituents that can
be utilized as R*?, R**, R**, R*| and R*° in the R® group
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having Structure G6 independently can be a halogen, an alkyl
group, or an alkoxy group; alternatively, halogen, or an alkyl
group; alternatively, a halogen or an alkoxy group; alterna-
tively, an alkyl group or an alkoxy group; alternatively, a
halogen; alternatively, an alkyl group; or alternatively, or an
alkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy
groups, alkyl groups, and alkoxy groups that can be utilized as
substituents are independently disclosed herein (e.g. as sub-
stituents for substituted R' groups) and can be utilized with-
out limitation to further describe the R* group having Struc-
ture G6.

In an aspect, R* can be a pyridinyl group, a substituted
pyridinyl group, a furyl group, a substituted furyl group, a
thienyl group, or a substituted thienyl group. In an embodi-
ment, R? can be a pyridinyl group or a substituted pyridinyl
group; alternatively, a furyl group or a substituted furyl group;
or alternatively, a thienyl group or a substituted thienyl group.
In some embodiments, R* can be a pyridinyl group, a furyl
group, or a thienyl group. In other embodiments, R® can be a
pyridinyl group; alternatively, a substituted pyridinyl group;
alternatively, a furyl group; alternatively, a substituted furyl
group; alternatively, a thienyl group; or alternatively, a sub-
stituted thienyl group.

In an embodiment, the pyridinyl (or substituted pyridinyl)
R? group can be a pyridin-2-yl group, a substituted pyridin-
2-yl group, a pyridin-3-yl group, a substituted pyridin-3-yl
group, a pyridin-4-yl group, or a substituted pyridin-4-yl
group; alternatively, a pyridin-2-yl group, a pyridin-3-yl
group, or a pyridin-4-yl group. In some embodiments, the
pyridinyl (or substituted pyridinyl) R* group can be a pyridin-
2-yl group or a substituted pyridin-2-y1 group; alternatively, a
pyridin-3-yl group or a substituted pyridin-3-yl group; alter-
natively, a pyridin-4-yl group or a substituted pyridin-4-yl
group; alternatively, a pyridin-2-yl group; alternatively, a sub-
stituted pyridin-2-yl group; alternatively, a pyridin-3-yl
group; alternatively, a substituted pyridin-3-yl group; alter-
natively, a pyridin-4-yl group; or alternatively, a substituted
pyridin-4-yl group. In an embodiment, the substituted pyridi-
nyl R? group can be a 2-substituted pyridin-3-yl group, a
4-substituted pyridin-3-yl group, a S-substituted pyridin-3-yl
group, a 6-substituted pyridin-3-yl group, a 2,4-disubstituted
pyridin-3-yl group, a 2,6-disubstituted pyridin-3-yl group, or
a 2.4.6-trisubstituted pyridin-3-yl group; alternatively, a
2-substituted pyridin-3-yl group, a 4-substituted pyridin-3-yl
group, or a 6-substituted pyridin-3-yl group; alternatively, a
2,4-disubstituted pyridin-3-yl group or a 2,6-disubstituted
pyridin-3-yl group; alternatively, a 2-substituted pyridin-3-yl
group; alternatively, a 4-substituted pyridin-3-yl group; alter-
natively, a 5-substituted pyridin-3-yl group; alternatively, a
6-substituted pyridin-3-yl group; alternatively, a 2,4-disub-
stituted pyridin-3-yl group; alternatively, a 2,6-disubstituted
pyridin-3-yl group; or alternatively, a 2,4,6-trisubstituted
pyridin-3-yl group. In an embodiment, the substituted pyridi-
nyl R? group can be a 2-substituted pyridin-4-yl group, a
3-substituted pyridin-4-yl group, a S-substituted pyridin-4-yl
group, a 6-substituted pyridin-4-yl group, a 2,6-disubstituted
pyridin-4-yl group, or a 3,5-disubstituted pyridin-4-yl group;
alternatively, a 2-substituted pyridin-4-yl group or a 6-substi-
tuted pyridin-4-yl group; alternatively, a 3-substituted pyri-
din-4-yl group or a 5-substituted pyridin-4-yl group; alterna-
tively, a 2-substituted pyridin-4-yl group; alternatively, a
3-substituted pyridin-4-yl group; alternatively, a 5-substi-
tuted pyridin-4-yl group; alternatively, a 6-substituted pyri-
din-4-yl group; alternatively, a 2,6-disubstituted pyridin-4-yl
group; or alternatively, a 3,5-disubstituted pyridin-4-yl
group.
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Inan embodiment, the furyl (or substituted furyl) R*> group
can be a fur-2-yl group, a substituted fur-2-yl group, a fur-3-yl
group, or a substituted fur-3-yl group; alternatively, a fur-2-yl
or a fur-3-yl group. In some embodiments, the furyl (or sub-
stituted furyl) R® group can be a fur-2-yl group or a substi-
tuted fur-2-yl group; alternatively, a fur-3-yl group or a sub-
stituted fur-3-yl group; alternatively, a fur-2-yl group;
alternatively, a substituted fur-2-yl group; alternatively, a fur-
3-yl group; or alternatively, a substituted fur-3-yl group. Inan
embodiment, the substituted furyl R*> group can be a 2-sub-
stituted fur-3-yl group, a 4-substituted fur-3-yl group, or a
2,4-disubstituted fur-3-yl group; alternatively, a 2-substituted
fur-3-yl group; alternatively, a 4-substituted fur-3-yl group;
or alternatively, a 2.4-disubstituted fur-3-yl group.

In an embodiment, the thienyl (or substituted thienyl) R*
group can be a thien-2-yl group, a substituted thien-2-yl
group, a thien-3-yl group, or a substituted thien-3-yl group;
alternatively, a thien-2-yl group or athien-3-yl group. Insome
embodiments, thienyl (or substituted thienyl) R* group can be
a thien-2-yl group or a substituted thien-2-yl group; alterna-
tively, a thien-3-yl group or a substituted thien-3-yl group;
alternatively, a thien-2-yl group; alternatively, a substituted
thien-2-yl group; alternatively, a thien-3-yl group; or alterna-
tively, a substituted thien-3-yl group. In an embodiment, the
substituted thienyl R® group can be a 2-substituted thien-3-yl
group, a 4-substituted thien-3-yl group, or a 2,4-disubstituted
thien-3-yl group; alternatively, a 2-substituted thien-3-yl
group; alternatively, a 4-substituted thien-3-yl group; or alter-
natively, a 2,4-disubstituted thien-3-yl group.

In an embodiment, each substituent for a substituted
pyridinyl, furyl, and/or thienyl groups (general or specific)
that can be utilized as R® independently can be a halogen, a
hydrocarbyl group, or a hydrocarboxy group; alternatively, a
halogen or a hydrocarbyl group; alternatively, a halogen or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group. In
some embodiments, each substituent for a substituted pyridi-
nyl, furyl, and/or thienyl groups (general or specific) that can
be utilized as R* independently can be a halogen, an alkyl
group, or an alkoxy group; alternatively, a halogen or an alkyl
group; alternatively, a halogen or an alkoxy group; alterna-
tively, an alkyl group or an alkoxy group; alternatively, a
halogen; alternatively, an alkyl group; or alternatively, an
alkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy
groups, alkyl groups, and alkoxy groups that can be utilized as
substituents are independently disclosed herein (e.g. as sub-
stituents for substituted R* groups) and can be utilized with-
out limitation to further describe the substituents for the sub-
stituted pyridinyl, furyl, and/or thienyl groups (general or
specific) that can be utilized as R>.

General and specific non-hydrogen substituents of a sub-
stituted cycloalkyl group (general or specific), a substituted
aliphatic heterocyclic group (general or specific), a substi-
tuted cycloheteryl group (general or specific), a substituted
aromatic group (general or specific), a substituted aryl group
(general or specific), a substituted heteroaryl group (general
or specific), or a substituted arylheteryl group (general or
specific) are disclosed herein. These general and specific
non-hydrogen substituents can be utilized, without limitation,
to further describe the substituted cycloalkyl groups (general
or specific), substituted aliphatic heterocyclic groups (gen-
eral or specific), substituted cycloheteryl groups (general or
specific), substituted aromatic groups (general or specific),
substituted aryl groups (general or specific), substituted het-
eroaryl groups (general or specific), substituted arylheteryl
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group (general or specific), or any other general or specific
group which can be utilized as R>.

In a non-limiting embodiment, Rican be a phenyl group, a
2-alkylphenyl group, a 3-alkylphenyl group, a 4-alkylphenyl
group, a 2,4-dialkylphenyl group, a 2,6-dialkylphenyl group,
a 3,5-dialkylphenyl group, or a 2,4,6-trialkylphenyl group;
alternatively, a 2-alkylphenyl group, a 4-alkylphenyl group, a
2,4-dialkylphenyl group, a 2,6-dialkylphenyl group, ora 2.4,
6-trialkylphenyl group; alternatively, a 2-alkylphenyl group
or a 4-alkylphenyl group; alternatively, a 2,4-dialkylphenyl
group, a 2,6-dialkylphenyl group, or a 2.4,6-trialkylphenyl
group; alternatively, a 2,4-dialkylphenyl group or a 2,6-di-
alkylphenyl group; alternatively, a 2,6-dialkylphenyl group,
or a 2,4,6-trialkylphenyl group; alternatively, a 3-alkylphenyl
group or a 3,5-dialkylphenyl group; alternatively, a 2-alky-
Iphenyl group or a 2,6-dialkylphenyl group; alternatively, a
2-alkylphenyl group; alternatively, a 3-alkylphenyl group;
alternatively, a 4-alkylphenyl group; alternatively, a 2,4-di-
alkylphenyl group; alternatively, a 2,6-dialkylphenyl group;
alternatively, a 3,5-dialkylphenyl group; or alternatively, a
2,4,6-trialkylphenyl group. In another non-limiting embodi-
ment, R* can be a phenyl group, a 2-alkoxyphenyl group, a
3-alkoxyphenyl group, a 4-alkoxyphenyl group, or a 3,5-
dialkoxyphenyl group; alternatively, a 2-alkoxyphenyl group
or a 4-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl
group or 3,5-dialkoxyphenyl group; alternatively, a 2-alkox-
yphenyl group; alternatively, a 3-alkoxyphenyl group; alter-
natively, a 4-alkoxyphenyl group; alternatively, a 3,5-di-
alkoxyphenyl group. In other non-limiting embodiments,
Rican be a phenyl group, a 2-halophenyl group, a 3-halophe-
nyl group, a 4-halophenyl group, a 2,6-dihalophenyl group, or
a 3,5-dialkylphenyl group; alternatively, a 2-halophenyl
group, a 4-halophenyl group, or a 2,6-dihalophenyl group;
alternatively, a 2-halopheny] group or a 4-halophenyl group;
alternatively, a 3-halophenyl group or a 3,5-dihalophenyl
group; alternatively, a 2-halophenyl group; alternatively, a
3-halophenyl group; alternatively, a 4-halophenyl group;
alternatively, a 2,6-dihalophenyl group; or alternatively, a
3,5-dihalophenyl group. Halogens, alkyl groups, and alkoxy
groups are independently described herein (e.g. as substitu-
ents for substituted R* groups) and can be utilized, without
limitation, to further describe the alkylphenyl, dialkylphenyl,
trialkylphenyl, alkoxyphenyl, dialkoxyphenyl, halophenyl,
or dihalophenyl groups that can be utilized R>. Generally, the
halides, alkyl substituents, or alkoxy substituents of a dialkyl,
trialkyl phenyl, dialkoxyphenyl, or dihalophenyl group can
be the same; or alternatively, the halo, alkyl substituents, or
alkoxy substituents of alkylphenyl, dialkylphenyl, trialky-
Iphenyl, dialkoxyphenyl, or dihalophenyl groups can be dif-
ferent.

In a non-limiting embodiment, R® can be a 2-methylphenyl
group, a 2-ethylphenyl group, a 2-isopropylphenyl group, a
2-tert-butylphenyl group, a 4-methylphenyl group, a 4-eth-
ylphenyl group, a 4-isopropylphenyl group, a 4-tert-bu-
tylphenyl group, a 2,6-dimethylphenyl group, a 2,6-dieth-
ylphenyl group, a 2,6-diisopropylphenyl group, or a 2,6-di-
tert-butylphenyl group; alternatively, a 2-methylphenyl
group, a 2-ethylphenyl group, a 2-isopropylphenyl group, or
a 2-tert-butylphenyl group, a 4-methylphenyl group, a 4-eth-
ylphenyl group, a 4-isopropylphenyl group, or a 4-tert-bu-
tylphenyl group; alternatively, a 2-methylphenyl group, a
2-ethylphenyl group, a 2-isopropylphenyl group, or a 2-tert-
butylphenyl group; alternatively, a 4-methylphenyl group, a
4-ethylphenyl group, a 4-isopropylphenyl group, or a 4-tert-
butylphenyl group; or alternatively, a 2,6-dimethylphenyl
group, a 2,6-diethylphenyl group, a 2,6-di-n-propylphenyl
group, a 2,6-diisopropylphenyl group, or a 2,6-di-tert-bu-
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tylphenyl group. In another non-limiting embodiment, R* can
be a 2-methylphenyl group; alternatively, a 2-ethylphenyl
group; alternatively, a 2-isopropylphenyl group; alterna-
tively, a 2-tert-butylphenyl group; alternatively, a 4-meth-
ylphenyl group; alternatively, a 4-ethylphenyl group; alterna-
tively, a 4-isopropylphenyl group; or alternatively, a 4-tert-
butylphenyl group.

Inan aspect, R* and/or R® independently can be an organyl
group, an organyl group consisting essentially of inert func-
tional groups, or a hydrocarbyl group. In an embodiment, R*
and/or R independently can be a C, to Cs, organyl group;
alternatively, a C, to C,, organyl group; alternatively, a C, to
C, s organyl group; alternatively, a C, to C, , organyl group; or
alternatively, a C, to C5 organyl group. In an embodiment, R*
and/or R® independently can be a C, to Cs, organyl group
consisting essentially of inert functional groups; alterna-
tively, a C, to C,, organyl group consisting essentially of inert
functional groups; alternatively, a C, to C, 5 organyl group
consisting essentially of inert functional groups; alterna-
tively,a C, to C, , organyl group consisting essentially of inert
functional groups; or alternatively, a C, to C, organyl group
consisting essentially of inert functional groups. In an
embodiment, R* and/or R independently can be a C, to C,,
hydrocarbyl group; alternatively, a C, to C,, hydrocarbyl
group; alternatively, a C, to C, 5 hydrocarbyl group; alterna-
tively, a C, to C,, hydrocarbyl group; or alternatively, a C, to
C, hydrocarbyl group. In yet other embodiments, R* and R®
can be independently selected from a C; to C;, aromatic
group; alternatively, a C; to C,, aromatic group; alternatively,
a C; to C,5 aromatic group; or alternatively, a C; to C,,
aromatic group. In an aspect, R* and R® can be joined to form
aring (regardless of particular type of group—organyl, orga-
nyl consisting of inert functional groups, hydrocarbyl, or any
species within) containing the phosphorus atom of the
N2-phosphinyl amidine group.

In another aspect, R* and/or R independently can be a C,
to C,, alkyl group, a C, to C;, cycloalkyl group, a C, to C;
substituted cycloalkyl group, a C; to C,, aliphatic heterocy-
clic group, a C; to C;, substituted aliphatic heterocyclic
group, a C, to C,, aryl group, a C; to C,, substituted aryl
group, a C; to C;, heteroaryl group, or a C; to C,, substituted
heteroaryl group; alternatively, a C, to C,, alkyl group,aC, to
C;, cycloalkyl group, a C, to C;, substituted cycloalkyl
group, a C,4 to C,4 aryl group, or a C, to Cs, substituted aryl
group; alternatively, a C, to C;,, cycloalkyl group or a C, to
C,, substituted cycloalkyl group; alternatively, a C; to Cs
aliphatic heterocyclic group or a C; to C,, substituted ali-
phatic heterocyclic group; alternatively, a C to C;, aryl group
ora Cyto C,, substituted aryl group; alternatively, a C; to C,,
heteroaryl group or a C; to C;,, substituted heteroaryl group;
alternatively, a C, to C;, alkyl group; alternatively,aC,to C;
cycloalkyl group; alternatively, a C, to C;, substituted
cycloalkyl group; alternatively, a C; to C,, aliphatic hetero-
cyclic group; alternatively, a C; to C,, substituted aliphatic
heterocyclic group; alternatively, a C4 to C, aryl group; alter-
natively, a C4 to C,, substituted aryl group; alternatively, a C,
to C;, heteroaryl group; or alternatively, a C; to C,, substi-
tuted heteroaryl group. In an embodiment, R* and R® inde-
pendently can be a C; to C,5 alkyl group, a C, to C,,
cycloalkyl group, a C, to C,,, substituted cycloalkyl group, a
C, to C,, aliphatic heterocyclic group, a C; to C,, substituted
aliphatic heterocyclic group, a C4 to C,, aryl group, a C, to
C,, substituted aryl group, a C; to C,, heteroaryl group, or a
C; to C,, substituted heteroaryl group; alternatively, a C, to
C,;s alkyl group, a C, to C,, cycloalkyl group, a C, to C,,
substituted cycloalkyl group, a C4to C,, aryl group, ora Cg to
C,, substituted aryl group; alternatively, a C, to C,,
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cycloalkyl group or a C, to C,, substituted cycloalkyl group;
alternatively, a C; to C,, aliphatic heterocyclic group ora C,
to C,, substituted aliphatic heterocyclic group; alternatively,
a Cq to C,q aryl group or a Cg to C, substituted aryl group;
alternatively, a C; to C,, heteroaryl group or a C; to C,,
substituted heteroaryl group; alternatively, a C, to C, 5 alkyl
group; alternatively, a C, to C,, cycloalkyl group; alterna-
tively, a C, to C,, substituted cycloalkyl group; alternatively,
a C; to C,, aliphatic heterocyclic group; alternatively, a C; to
C,, substituted aliphatic heterocyclic group; alternatively, a
C¢ to C,, aryl group; alternatively, a C4to C,,, substituted aryl
group; alternatively, a C; to C,, heteroaryl group; or alterna-
tively, a C; to C,, substituted heteroaryl group. In other
embodiments, R* and R® independently can be a C, to C,,
alkyl group, a C, to C, 5 cycloalkyl group, a C, to C, 5 substi-
tuted cycloalkyl group, a C, to C,5 aliphatic heterocyclic
group, a C; to C, 5 substituted aliphatic heterocyclic group, a
Cg to C, 5 aryl group, a C, to C, 5 substituted aryl group, a C,
to C, 5 heteroaryl group, or a C; to C, 5 substituted heteroaryl
group; alternatively, a C, to C,, alkyl group, a C, to C,5
cycloalkyl group, a C, to C, 5 substituted cycloalkyl group, a
Cg to C5 aryl group, or a Cg to C, 5 substituted aryl group;
alternatively, a C, to C,5 cycloalkyl group or a C, to C,5
substituted cycloalkyl group; alternatively, a C; to C,5 ali-
phatic heterocyclic group or a C; to C, 5 substituted aliphatic
heterocyclic group; alternatively, a C4 to C, 5 aryl group or a
Cs to C,5 substituted aryl group; alternatively, a C; to C,5
heteroaryl group or a C; to C, 5 substituted heteroaryl group;
alternatively, a C, to C,, alkyl group; alternatively,aC,to C, 5
cycloalkyl group; alternatively, a C, to C,5 substituted
cycloalkyl group; alternatively, a C; to C, 5 aliphatic hetero-
cyclic group; alternatively, a C; to C, 5 substituted aliphatic
heterocyclic group; alternatively, a C to C, 5 aryl group; alter-
natively, a C, to C, 5 substituted aryl group; alternatively, a C;
to C, 5 heteroaryl group; or alternatively, a C; to C, 5 substi-
tuted heteroaryl group. In further embodiments, R* and R?
independently can be C, to Cs alkyl group.

In a further aspect, R* and/or R® independently can be a
methyl group, an ethyl group, a propyl group, a butyl group,
apentyl group, a hexyl group, a heptyl group, an octyl group,
a nonyl group, a decyl group, a undecyl group, a dodecyl
group, a tridecyl group, a tetradecyl group, a pentadecyl
group, a hexadecyl group, a heptadecyl group, an octadecyl
group, or a nonadecyl group; or alternatively, a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
a hexyl group, a heptyl group, an octyl group, a nonyl group,
or a decyl group. In some embodiments, R* and R® indepen-
dently can be a methyl group, an ethyl group, an n-propyl
group, an iso-propyl group, an n-butyl group, an iso-butyl
group, a sec-butyl group, a tert-butyl group, an n-pentyl
group, an iso-pentyl group, a sec-pentyl group, or a neopentyl
group; alternatively, a methyl group, an ethyl group, an iso-
propyl group, a tert-butyl group, or a neopentyl group; alter-
natively, a methyl group; alternatively, an ethyl group; alter-
natively, an n-propyl group; alternatively, an iso-propyl
group; alternatively, a tert-butyl group; or alternatively, a
neopentyl group. In some embodiments, the alkyl groups
which can be utilized as R* and/or R” can be substituted. Each
substituent of a substituted alkyl group independently can be
a halogen or a hydrocarboxy group; alternatively, a halogen;
or alternatively, a hydrocarboxy group. Halogens, hydrocar-
byl groups, hydrocarboxy groups, alkyl groups, and alkoxy
groups that can be utilized as substituents are independently
disclosed herein (e.g. as substituents for substituted R’
groups) and can be utilized without limitation to further
describe the substituted alkyl group which can be utilized as
R*and/or R®.
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In a further aspect, R* and/or R® independently can be a
cyclobutyl group, a substituted cyclobutyl group, a cyclopen-
tyl group, a substituted cyclopentyl group, a cyclohexyl
group, a substituted cyclohexyl group, a cycloheptyl group, a
substituted cycloheptyl group, a cyclooctyl group, or a sub-
stituted cyclooctyl group. In some embodiments, R* and R’
independently can be a cyclopentyl group, a substituted
cyclopentyl group, a cyclohexyl group, or a substituted cyclo-
hexyl group. In other embodiments, R* and R®> may be a
cyclobutyl group or a substituted cyclobutyl group; alterna-
tively, a cyclopentyl group or a substituted cyclopentyl group;
alternatively, a cyclohexyl group or a substituted cyclohexyl
group; alternatively, a cycloheptyl group or a substituted
cycloheptyl group; or alternatively, a cyclooctyl group or a
substituted cyclooctyl group. In further embodiments, R* and
R? independently can be a cyclopentyl group; alternatively, a
substituted cyclopentyl group; a cyclohexyl group; or alter-
natively, a substituted cyclohexyl group.

In an embodiment, each substituent for a substituted
cycloalkyl group (general or specific) that can be utilized as
R* and/or R’ independently can be a halogen, a hydrocarbyl
group, or a hydrocarboxy group; alternatively, a halogen or a
hydrocarbyl group; alternatively, a halogen or a hydrocar-
boxy group; alternatively, a hydrocarbyl group or a hydrocar-
boxy group; alternatively, a halogen; alternatively, a hydro-
carbyl group; or alternatively, a hydrocarboxy group. In some
embodiments, each substituent for a substituted cycloalkyl
group (general or specific) that can be utilized as R* and/or R?
independently can be a halogen, an alkyl group, or an alkoxy
group; alternatively, a halogen or an alkyl group; alterna-
tively, a halogen or an alkoxy group; alternatively, an alkyl
group or an alkoxy group; alternatively, a halogen; alterna-
tively, an alkyl group; or alternatively, an alkoxy group. Halo-
gens, hydrocarbyl groups, hydrocarboxy groups, alkyl
groups, and alkoxy groups that can be utilized as substituents
are independently disclosed herein (e.g. as substituents for
substituted R' groups) and can be utilized without limitation
to further describe the substituents for a substituted
cycloalkyl group (general or specific) that can be utilized as
R* and/or R®.

In an aspect, R* can have Structure G7:

Structure G7
R4ZC R43c
R4 le
(CHz),
*
R44c R4SC

wherein, the undesignated valency is attached to the phos-
phorus atom of the N*-phosphinylamidine group. Generally,
R*<, R*?, R*°, R**, and R**° independently can be hydro-
gen or a non-hydrogen substituent, and n can be an integer
from 1 to 5. In an embodiment wherein R* has Structure G7,
R*< R** R**, and R**° can be hydrogen and R>2° can be
any non-hydrogen substituent disclosed herein; or alterna-
tively, R**¢, R**<, and R**° can be hydrogen and R** and R***
independently can be any non-hydrogen substituent disclosed
herein. In an embodiment, n can be an integer from 1 to 4; or
alternatively, from 2 to 4. In other embodiments, ncanbe 2 or
3; alternatively, 2; or alternatively, 3.

In an embodiment, R*'¢, R**¢, R**¢, R**, and R**° inde-
pendently can be hydrogen, a halogen, a hydrocarbyl group,
or a hydrocarboxy group; alternatively, hydrogen, a halogen,
or a hydrocarbyl group; alternatively, hydrogen, a halogen, or
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ahydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, hydrogen or a halogen;
alternatively, hydrogen or a hydrocarbyl group; or alterna-
tively, hydrogen or a hydrocarboxy group. In some embodi-
ments, R*!¢, R*?¢, R**°, R**¢, and R**¢ independently can be
hydrogen, a halogen, an alkyl group, or an alkoxy group;
alternatively, hydrogen, a halogen, or an alkyl group; alterna-
tively, hydrogen, a halogen, an alkyl group, or an alkoxy
group; alternatively, hydrogen, an alkyl group, or an alkoxy
group; alternatively, hydrogen or a halogen; alternatively,
hydrogen or an alkyl group; or alternatively, hydrogen or an
alkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy
groups, alkyl groups, and alkoxy groups that can be utilized as
substituents are independently disclosed herein (e.g. as sub-
stituents for substituted R' groups) and can be utilized with-
out limitation to further describe the R* group having Struc-
ture G7.
In an aspect, R’ can have Structure G8:

Structure G8
RSZC R53c
RS le
(CHa),
*
R54c RSSC

wherein, the undesignated valency is attached to the phos-
phorus atom of the N?-phosphinylamidine group. Generally,
R’'¢, R?2¢, R**°, R>*, and R**° independently can be hydro-
gen or a non-hydrogen substituent, and n may be an integer
from 1 to 5. In an embodiment wherein R> has Structure G8,
R>'¢, R**°, R**, and R>*° can be hydrogen and R3¢ can be
any non-hydrogen substituent disclosed herein; or alterna-
tively, R**°, R>*¢, and R*° can be hydrogen and R>*° and R>#°
independently can be any non-hydrogen substituent disclosed
herein. In an embodiment, n can be an integer from 1 to 4; or
alternatively, from 2 to 4. In other embodiments, n can be 2 or
3; alternatively, 2; or alternatively, 3.

In an embodiment, R>'¢, R>*¢, R3¢, R*>*¢, and R>* inde-
pendently can be hydrogen, a halogen, a hydrocarbyl group,
or a hydrocarboxy group; alternatively, hydrogen, a halogen,
or a hydrocarbyl group; alternatively, hydrogen, a halogen, or
ahydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, hydrogen or a halogen;
alternatively, hydrogen or a hydrocarbyl group; or alterna-
tively, hydrogen or a hydrocarboxy group. In some embodi-
ments, R*'¢, R3¢, R>*, R>*°, and R>* independently can be
hydrogen, a halogen, an alkyl group, or an alkoxy group;
alternatively, hydrogen, a halogen, or an alkyl group; alterna-
tively, hydrogen, a halogen, or an alkoxy group; alternatively,
hydrogen, an alkyl group, or an alkoxy group; alternatively,
hydrogen or a halogen; alternatively, hydrogen or an alkyl
group; or alternatively, hydrogen or an alkoxy group. Halo-
gens, hydrocarbyl groups, hydrocarboxy groups, alkyl
groups, and alkoxy groups that can be utilized as substituents
are independently disclosed herein (e.g. as substituents for
substituted R* groups) and can be utilized without limitation
to further describe the R> group having Structure G8.

In an aspect, R* and/or R® independently can be a phenyl
group, a substituted phenyl group, a naphthyl group, or a
substituted naphthyl group. In an embodiment, R* and R’
independently can be a phenyl group or a substituted phenyl
group; alternatively, a naphthyl group or a substituted naph-
thyl group; alternatively, a phenyl group or a naphthyl group;
or alternatively, a substituted phenyl group or a substituted
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naphthyl group. In some embodiments, R* and/or R® indepen-
dently can be a phenyl group; alternatively, a substituted
phenyl group; alternatively, a naphthyl group; or alterna-
tively, a substituted naphthyl group.

In an embodiment, the R* and/or R® substituted phenyl
group can be a 2-substituted phenyl group, a 3-substituted
phenyl group, a 4-substituted phenyl group, a 2,4-disubsti-
tuted phenyl group, a 2,6-disubstituted phenyl group, a 3,5-
disubstituted phenyl group, or a 2.4,6-trisubstituted phenyl
group. In other embodiments, the R* and/or R> substituted
phenyl group can be a 2-substituted phenyl group, a 4-sub-
stituted phenyl group, a 2,4-disubstituted phenyl group, a
2,6-disubstituted phenyl group, or a 2,4,6-trisubstituted phe-
nyl group; alternatively, a 2-substituted phenyl group, a
4-substituted phenyl group, a 2,4-disubstituted phenyl group,
or a 2,6-disubstituted phenyl group; alternatively, a 3-substi-
tuted phenyl group or a 3,5-disubstituted phenyl group; alter-
natively, a 2-substituted phenyl group or a 4-substituted phe-
nyl group; alternatively, a 2,4-disubstituted phenyl group, a
2,6-disubstituted phenyl group, or a 2,4,6-trisubstituted phe-
nyl group; alternatively, a 2,6-disubstituted phenyl group or a
2,4,6-trisubstituted phenyl group; alternatively, a 2,4-disub-
stituted phenyl group or a 2,6-disubstituted phenyl group;
alternatively, a 2-substituted phenyl group; alternatively, a
3-substituted phenyl group; alternatively, a 4-substituted phe-
nyl group; alternatively, a 2,4-disubstituted phenyl group;
alternatively, a 2,6-disubstituted phenyl group; alternatively,
a 3,5-disubstituted phenyl group; or alternatively, a 2,4,6-
trisubstituted phenyl group.

In an embodiment, R* and/or R® independently can be a
naphth-1-yl group, a substituted naphth-1-yl group, a naphth-
2-yl group, or a substituted naphth-2-yl group. In some
embodiments, R* and/or R® independently can be a naphth-
1-yl group or a substituted naphth-1-yl group; alternatively, a
naphth-2-yl group or a substituted naphth-2-yl group; alter-
natively, a naphth-1-yl group; alternatively, a substituted
naphth-1-yl group; alternatively, a naphth-2-yl group; or
alternatively, a substituted naphth-2-yl group. In other
embodiments, R* and/or R® independently can be a 2-substi-
tuted naphth-1-yl group, a 3-substituted naphth-1-yl group, a
4-substituted naphth-1-yl group, or a 8-substituted naphth-1-
yl group; alternatively, a 2-substituted naphth-1-yl group;
alternatively, a 3-substituted naphth-1-yl group; alternatively,
a 4-substituted naphth-1-yl group; or alternatively, a 8-sub-
stituted naphth-1-yl group. In further embodiments, R* and/
orR® independently can be a 1-substituted naphth-2-yl group,
a 3-substituted naphth-2-yl group, a 4-substituted naphth-2-
yl group, or a 1,3-disubstituted naphth-2-yl group; alterna-
tively, a 1-substituted naphth-2-yl group; alternatively, a
3-substituted naphth-2-yl group; alternatively, a 4-substituted
naphth-2-yl group; alternatively, a 1,3-disubstituted naphth-
2-yl group.

In an embodiment, each substituent for a substituted phe-
nyl or substituted naphthyl R* and/or R® group independently
can be a halogen, a hydrocarbyl group, or a hydrocarboxy
group; alternatively, a halogen or a hydrocarbyl group; alter-
natively, a halogen or a hydrocarboxy group; alternatively, a
hydrocarbyl group or a hydrocarboxy group; alternatively, a
halogen; alternatively, a hydrocarbyl group; or alternatively, a
hydrocarboxy group. In some embodiments, each substituent
for a substituted phenyl or substituted naphthyl R* and/or R®
group independently can be a halogen, an alkyl group, or an
alkoxy group; alternatively, a halogen or an alkyl group;
alternatively, a halogen or an alkoxy group; alternatively, an
alkyl group or an alkoxy group; alternatively, a halogen;
alternatively, an alkyl group; or alternatively, an alkoxy
group. Halogens, hydrocarbyl groups, hydrocarboxy groups,
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alkyl groups, and alkoxy groups that can be utilized as sub-
stituents are independently disclosed herein (e.g. as substitu-
ents for substituted R' groups) and can be utilized without
limitation to further describe the substituents for the substi-
tuted phenyl or substituted naphthyl R* and/or R® group.

In an aspect, R* have Structure G9:

Structure G9

wherein the undesignated valency is attached to the phospho-
rus atom of the N?-phosphinyl amidine group. Generally, R*?,
R*, R*, R*, and R*® can independently be hydrogen or a
non-hydrogen substituent. In an embodiment wherein R* has
Structure G9, R**, R**, R**, R*®, and R*® can be hydrogen,
R*, R*, R*, and R*S can be hydrogen and R** can be a
non-hydrogen substituent, R*?, R**, R**, and R*® can be
hydrogen and R*® can be a non-hydrogen substituent, R**,
R*, R*, and R*® can be hydrogen and R** can be a non-
hydrogen substituent, R**, R**, and R*® can be hydrogen and
R*? and R** can be non-hydrogen substituents, R**, R**, and
R*’ can be hydrogen and R** and R*S can be non-hydrogen
substituents, R*?, R**, and R*S can be hydrogen and R** and
R*® can be non-hydrogen substituents, or R** and R* can be
hydrogen and R*?, R** and R*® can be non-hydrogen sub-
stituents. In some embodiments wherein R* has Structure G9,
R*, R**, R*, and R*° can be hydrogen and R*? can be a
non-hydrogen substituent, R*>, R**, R*, and R*® can be
hydrogen and R** can be a non-hydrogen substituent, R*,
R*, and R*® can be hydrogen and R** and R** can be non-
hydrogen substituents, R**, R**, and R** can be hydrogen and
R*? and R*S can be non-hydrogen substituents, or R** and R*?
can be hydrogen and R*?, R**, and R* can be non-hydrogen
substituents; alternatively, R**, R**, R*, and R*® can be
hydrogen and R*? can be a non-hydrogen substituent, R*?,
R*, R**, and R* can be hydrogen and R** can be a non-
hydrogen substituent, R*>, R**, and R*® can be hydrogen and
R*? and R** can be non-hydrogen substituents, or R**, R*,
and R*® can be hydrogen and R** and R*® can be non-hydro-
gen substituents; alternatively, R*?, R**, R**, and R*¢ can be
hydrogen and R** can be a non-hydrogen substituent, or R**,
R**, and R*® can be hydrogen and R* and R* can be non-
hydrogen substituents; alternatively, R**, R**, R**, and R*S
can be hydrogen and R** can be a non-hydrogen substituent,
or R*?, R**, R*, and R*® can be hydrogen and R** can be a
non-hydrogen substituent; alternatively, R**, R**, and R*S
can be hydrogen and R** and R* can be non-hydrogen sub-
stituents, R**, R**, and R* can be hydrogen and R** and R*®
can be non-hydrogen substituents, or R** and R** can be
hydrogen and R**, R** and R*® can be non-hydrogen sub-
stituents; or alternatively, R*>, R**, and R*® can be hydrogen
and R* and R** can be non-hydrogen substituents, or R**,
R*, and R™* can be hydrogen and R** and R*® can be non-
hydrogen substituents. In other embodiments wherein R* has
Structure G9, R*?, R**, R**, R**, and R*® can be hydrogen;
alternatively, R**, R**, R**, and R*® can be hydrogen and R**
can be a non-hydrogen substituent; alternatively, R*?, R**,
R*, and R*® can be hydrogen and R* can be a non-hydrogen
substituent; alternatively, R*?, R**, R*, and R*S can be
hydrogen and R** can be a non-hydrogen substituent; alter-
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natively, R**>, R**, and R*® can be hydrogen and R** and R**
can be non-hydrogen substituents; alternatively, R**, R**, and
R* can be hydrogen and R** and R*S can be non-hydrogen
substituents; alternatively, R**, R**, and R*® can be hydrogen
and R** and R* and can be non-hydrogen substituents; or
alternatively, R** and R*® can be hydrogen and R*?, R**, and
R*S can be non-hydrogen substituents.

In an embodiment, the non-hydrogen substituents that can
be utilized as R*, R**, R**, R*| and R*S in the R' group
having Structure G9 independently can be a halogen, a hydro-
carbyl group, or a hydrocarboxy group; alternatively, a halo-
gen, or a hydrocarbyl group; alternatively, halogen or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group. In
some embodiments, the non-hydrogen substituents that can
be utilized as R**, R**, R**, R**, and R*® in the R' group
having Structure G9 independently can be a halogen, an alkyl
group, or an alkoxy group; alternatively, a halogen, or an alkyl
group; alternatively, a halogen or an alkoxy group; alterna-
tively, an alkyl group or an alkoxy group; alternatively, a
halogen; alternatively, an alkyl group; or alternatively, an
alkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy
groups, alkyl groups, and alkoxy groups that can be utilized as
substituents are independently disclosed herein (e.g. as sub-
stituents for substituted R* groups) and can be utilized with-
out limitation to further describe the R* group having Struc-
ture G9.

In an aspect, R® can have Structure G10:

Structure G10

wherein the undesignated valency is attached to the phospho-
rus atom of the N?-phosphinyl amidine group. Generally, R>2,
R>?, R**, R®, and R>® independently can be hydrogen or a
non-hydrogen substituent. In an embodiment wherein R> has
Structure G10, R*2, R*, R**, R*®, and R*® can be hydrogen,
R>3, R*, R”®, and R>° can be hydrogen and R>2 can be a
non-hydrogen substituent, R>2, R*>*, R**, and R>® can be
hydrogen and R*® can be a non-hydrogen substituent, R>?,
R>3, R*>, and R® can be hydrogen and R>* can be a non-
hydrogen substituent, R>*, R*>, and R*° can be hydrogen and
R>? and R** can be non-hydrogen substituents, R>*, R>*, and
R>3 can be hydrogen and R*? and R>S can be non-hydrogen
substituents, R>*, R**, and R’® can be hydrogen and R”* and
R>® can be non-hydrogen substituents, or R** and R* can be
hydrogen and R*?, R>* and R*® can be non-hydrogen sub-
stituents. In some embodiments wherein R> has Structure
G10,R>3, R** R>%, and RS can be hydrogen and R*? can be
a non-hydrogen substituent, R>*, R>3, R>>, and R>® can be
hydrogen and R>* can be a non-hydrogen substituent, R>*,
R>?, and R*® can be hydrogen and R*>? and R>* can be non-
hydrogen substituents, R>*, R>*, and R*® can be hydrogen and
R>? and R*® can be non-hydrogen substituents, or R>*> and R>
can be hydrogen and R*?, R*>*, and R*® can be non-hydrogen
substituents; alternatively, R>*, R>*, R*°, and R>® can be
hydrogen and R*? can be a non-hydrogen substituent, R>?,
R>3, R*>, and R® can be hydrogen and R>* can be a non-
hydrogen substituent, R>*, R**, and R*° can be hydrogen and
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R’? and R>* can be non-hydrogen substituents, or R>, R>*,
and R** can be hydrogen and R>Z and R*® can be non-hydro-
gen substituents; alternatively, R>%, R**, R*°, and R*° can be
hydrogen and R® can be a non-hydrogen substituent, or R*2,
R>*, and R*® can be hydrogen and R>* and R* can be non-
hydrogen substituents; alternatively, R>*, R**, R>°, and R>¢
can be hydrogen and R>? can be a non-hydrogen substituent,
or R*?, R R”?, and R”° can be hydrogen and R*>* can be a
non-hydrogen substituent; alternatively, R>*, R*>*, and R>¢
can be hydrogen and R*>? and R>* can be non-hydrogen sub-
stituents, R>*, R**, and R® can be hydrogen and R>Z and R>®
can be non-hydrogen substituents, or R>* and R>® can be
hydrogen and R*?, R*>* and R*® can be non-hydrogen sub-
stituents; or alternatively, R**, R>%, and R*° can be hydrogen
and R>? and R** can be non-hydrogen substituents, or R**,
R>* and R* can be hydrogen and R>? and R>® can be non-
hydrogen substituents. In other embodiments wherein R> has
Structure G10, R>2, R*?, R**, R* and R can be hydrogen;
alternatively, R>*, R>*, R**, and R*® can be hydrogen and R>>
can be a non-hydrogen substituent; alternatively, R>2, R>*,
R>*, and R*® can be hydrogen and R** can be a non-hydrogen
substituent; alternatively, R>2 R*>*, R*, and R®® can be
hydrogen and R** can be a non-hydrogen substituent; alter-
natively, R*®>, R>®, and R*® can be hydrogen and R>? and R>*
can be non-hydrogen substituents; alternatively, R>*, R>*, and
R>? can be hydrogen and R*? and R>S can be non-hydrogen
substituents; alternatively, R°%, R*>*, and R>° can be hydrogen
and R>* and R* and can be non-hydrogen substituents; or
alternatively, R> and R”® can be hydrogen and R>Z, R**, and
R>® can be non-hydrogen substituents.

In an embodiment, the non-hydrogen substituents that can
be utilized as R*?, R>, R**, R*>*, and R>° in the R® group
having Structure G2 independently can be ahalogen, a hydro-
carbyl group, or a hydrocarboxy group; alternatively, a halo-
gen or a hydrocarbyl group; alternatively, a halogen, or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group. In
some embodiments, the non-hydrogen substituents that can
be utilized as R*?, R**, R**, R>>, and R® in the R’ group
having Structure G2 independently can be a halogen, an alkyl
group, or an alkoxy group; alternatively, a halogen or an alkyl
group; alternatively, a halogen or an alkoxy group; alterna-
tively, an alkyl group or an alkoxy group; alternatively, a
halogen; alternatively, an alkyl group; or alternatively, an
alkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy
groups, alkyl groups, and alkoxy groups that can be utilized as
substituents are independently disclosed herein (e.g. as sub-
stituents for substituted R' groups) and can be utilized with-
out limitation to further describe the R® group having Struc-
ture G10.

In an aspect, R* and R® independently can be a pyridinyl
group, a substituted pyridinyl group, a furyl group, a substi-
tuted furyl group, a thienyl group, or a substituted thienyl
group. In an embodiment, R* and R® independently can be a
pyridinyl group or a substituted pyridinyl group; alterna-
tively, a furyl group or a substituted furyl group; or alterna-
tively, a thienyl group or a substituted thienyl group. In some
embodiments, R* and R® independently can be a pyridinyl
group, a furyl group, or a thienyl group. In other embodi-
ments, R* and R> can be a pyridinyl group; alternatively, a
substituted pyridinyl group; alternatively, a furyl group; alter-
natively, a substituted furyl group; alternatively, a thienyl
group; or alternatively, a substituted thienyl group.

In an embodiment, the pyridinyl (or substituted pyridinyl)
R* and/or R® group independently can be a pyridin-2-yl
group, a substituted pyridin-2-yl group, a pyridin-3-yl group,
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a substituted pyridin-3-yl group, a pyridin-4-yl group, or a
substituted pyridin-4-yl group; alternatively, a pyridin-2-yl
group, a pyridin-3-yl group, or a pyridin-4-yl group. In some
embodiments, the pyridinyl (or substituted pyridinyl) R* and/
or R® group independently can be a pyridin-2-yl group or a
substituted pyridin-2-yl group; alternatively, a pyridin-3-yl
group or a substituted pyridin-3-yl group; alternatively, a
pyridin-4-yl group or a substituted pyridin-4-yl group; alter-
natively, a pyridin-2-yl group; alternatively, a substituted
pyridin-2-yl group; alternatively, a pyridin-3-yl group; alter-
natively, a substituted pyridin-3-yl group; alternatively, a
pyridin-4-yl group; or alternatively, a substituted pyridin-4-yl
group. In an embodiment, the substituted pyridinyl R* and/or
R® group independently can be a 2-substituted pyridin-3-yl
group, a 4-substituted pyridin-3-yl group, a S-substituted
pyridin-3-yl group, a 6-substituted pyridin-3-yl group, a 2,4-
disubstituted pyridin-3-yl group, a 2,6-disubstituted pyridin-
3-yl group, or a 2,4,6-trisubstituted pyridin-3-yl group; alter-
natively, 2-substituted pyridin-3-yl group, a 4-substituted
pyridin-3-yl group, or a 6-substituted pyridin-3-yl group;
alternatively, a 2,4-disubstituted pyridin-3-yl group or a 2,6-
disubstituted pyridin-3-yl group; alternatively, a 2-substi-
tuted pyridin-3-yl group; alternatively, a 4-substituted pyri-
din-3-yl group; alternatively, a S-substituted pyridin-3-yl
group; alternatively, a 6-substituted pyridin-3-yl group; alter-
natively, a 2,4-disubstituted pyridin-3-yl group; alternatively,
a 2,6-disubstituted pyridin-3-yl group; or alternatively, a 2.4,
6-trisubstituted pyridin-3-yl group. In an embodiment, the
substituted pyridinyl R* and/or R group independently can
be a 2-substituted pyridin-4-yl group, a 3-substituted pyridin-
4-yl group, a S-substituted pyridin-4-yl group, a 6-substituted
pyridin-4-yl group, a 2,6-disubstituted pyridin-4-yl group, or
a 3,5-disubstituted pyridin-4-yl group; alternatively, 2-sub-
stituted pyridin-4-yl group or a 6-substituted pyridin-4-yl
group; alternatively, a 3-substituted pyridin-4-yl group or a
S-substituted pyridin-4-yl group; alternatively, a 2-substi-
tuted pyridin-4-yl group; alternatively, a 3-substituted pyri-
din-4-yl group; alternatively, a S-substituted pyridin-4-yl
group; alternatively, a 6-substituted pyridin-4-y1 group; alter-
natively, a 2,6-disubstituted pyridin-4-yl group; or alterna-
tively, a 3,5-disubstituted pyridin-4-yl group.

In an embodiment, each furyl (or substituted furyl) R*
and/or R® group can be independently selected from a fur-2-yl
group, a substituted fur-2-yl group, a fur-3-yl group, or a
substituted fur-3-yl group; alternatively, a fur-2-yl or a fur-3-
yl group. In some embodiments, the furyl (or substituted
furyl) R* and/or R® group can be independently selected from
a fur-2-yl group or a substituted fur-2-yl group; alternatively,
a fur-3-yl group or a substituted fur-3-yl group; alternatively,
a fur-2-yl group; alternatively, a substituted fur-2-yl group;
alternatively, a fur-3-yl group; or alternatively, a substituted
fur-3-yl group.

In an embodiment, the substituted furyl R* and/or R® group
can be a 2-substituted fur-3-yl group, a 4-substituted fur-3-yl
group, or a 2.4-disubstituted fur-3-yl group; alternatively, a
2-substituted fur-3-yl group; alternatively, a 4-substituted fur-
3-yl group; or alternatively, a 2,4-disubstituted fur-3-yl
group.

In an embodiment, the thienyl (or substituted thienyl) R*
and/or R® group can be independently selected from a thien-
2-yl group, a substituted thien-2-y1 group, a thien-3-yl group,
or a substituted thien-3-yl group; alternatively, a thien-2-yl
group or a thien-3-yl group. In some embodiments, the thie-
nyl (or substituted thienyl) R* and/or R® group can be inde-
pendently selected from a thien-2-yl group or a substituted
thien-2-yl group; alternatively, a thien-3-yl group or a substi-
tuted thien-3-yl group; alternatively, a thien-2-yl group; alter-
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natively, a substituted thien-2-yl group; alternatively, a thien-
3-yl group; or alternatively, a substituted thien-3-yl group. In
an embodiment, the substituted thienyl R* and/or R® group
can be a 2-substituted thien-3-yl group, a 4-substituted thien-
3-yl group, or a 2,4-disubstituted thien-3-yl group; alterna-
tively, a 2-substituted thien-3-yl group; alternatively, a 4-sub-
stituted thien-3-yl group; or alternatively, a 2,4-disubstituted
thien-3-yl group.

In an embodiment, substituent for a substituted pyridinyl,
furyl, and/or thienyl group (general or specific) that can be
utilized as R* and/or R® independently can be a halogen, a
hydrocarbyl group, or a hydrocarboxy group; alternatively, a
halogen or a hydrocarbyl group; alternatively, a halogen or a
hydrocarboxy group; alternatively, a hydrocarbyl group or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group. In
some embodiments, each substituent for a substituted pyridi-
nyl, furyl, and/or thienyl groups (general or specific) that can
beutilized as R* and/or R’ independently can be ahalogen, an
alkyl group, or an alkoxy group; alternatively, a halogen or an
alkyl group; alternatively, a halogen or an alkoxy group;
alternatively, an alkyl group or an alkoxy group; alternatively,
a halogen; alternatively, an alkyl group; or alternatively, an
alkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy
groups, alkyl groups, and alkoxy groups that can be utilized as
substituents are independently disclosed herein (e.g. as sub-
stituents for substituted R' groups) and can be utilized with-
out limitation to further describe the substituents for the sub-
stituted pyridinyl, furyl, and/or thienyl groups (general or
specific) can be utilized as R* and/or R°.

General and specific non-hydrogen substituents of a sub-
stituted cycloalkyl group (general or specific), a substituted
aliphatic heterocyclic group (general or specific), a substi-
tuted cycloheteryl group (general or specific), a substituted
aromatic group (general or specific), a substituted aryl group
(general or specific), a substituted heteroaryl group (general
or specific), or a substituted arylheteryl group (general or
specific) are disclosed herein. These general and specific
non-hydrogen substituents can be utilized, without limitation,
to further describe the substituted cycloalkyl groups (general
or specific), substituted aliphatic heterocyclic groups (gen-
eral or specific), substituted cycloheteryl groups (general or
specific), substituted aromatic groups (general or specific),
substituted aryl groups (general or specific), substituted het-
eroaryl groups (general or specific), substituted arylheteryl
group (general or specific), or any other general or specific
group which can be utilized as R* and/or R>.

In an aspect, when R* and R® are joined to form a cyclic
group including the phosphorus atom of the N2-phosphinyl
amidine group, the phosphinyl group can be a phosphol-1-yl
group, a substituted phosphol-1-yl group, a 2,3-dihydrophos-
phol-1-yl group, a substituted 2,3-dihydrophosphol-1-yl
group, a 3,5-dihydrophosphol-1-yl group, a substituted 3,5-
dihydrophosphol-1-yl group, a phospholan-1-yl group, a sub-
stituted phospholan-1-yl group, a 1,2-dihydrophosphinin-1-
yl group, a substituted, 1,2-dihydro-phosphinin-1-yl group, a
1,4-dihydrophosphinin-1-yl group, a substituted 1,4-dihy-
drophosphinin-1-yl group, a 1,2,3,4-tetrahydrophosphinin-1-
yl group, a substituted 1,2,3,4-tetrahydrophosphinin-1-yl
group, a 1,2,3,6-tetrahydrophosphinin-1-yl group, a substi-
tuted 1,2,3,6-tetrahydrophosphinin-1-yl group, a phosphi-
nan-1-yl group, or a substituted phosphinan-1-yl group. In
some embodiments, when R* and R> are joined to form a
cyclic group including the phosphorus atom of the N*-phos-
phinylamidine group, the phosphinyl group can be a phos-
phol-1-yl group or a substituted phosphol-1-yl group; alter-
natively, a 2,3-dihydrophosphol-1-yl group or a substituted
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2,3-dihydrophosphol-1-yl group; alternatively, a 3,5-dihy-
drophosphol-1-yl group or a substituted 3,5-dihydrophos-
phol-1-yl group; alternatively, a phospholan-1-yl group or a
substituted phospholan-1-yl group; alternatively, a 1,2-dihy-
dro-phosphinin-1-yl group or a substituted, 1,2-dihydrophos-
phinin-1-yl group; alternatively, a 1,4-dihydro-phosphinin-1-
yl group or a substituted 1,4-dihydrophosphinin-1-yl group;
alternatively, a 1,2,3,4-tetra-hydrophosphinin-1-yl group or a
substituted 1,2,3,4-tetrahydrophosphinin-1-yl group; alter-
natively, a 1,2,3,6-tetrahydrophosphinin-1-yl group or a sub-
stituted 1,2,3,6-tetrahydrophosphinin-1-yl group; or alterna-
tively, a phosphinan-1-yl group or a substituted phosphinan-
1-yl group. In some embodiments, when R* and R? are joined
to form a cyclic group including the phosphorus atom of the
NZ2-phosphinyl amidine group, the phosphinyl group can be a
phosphol-1-yl group, a 2,3-dihydrophosphol-1-yl group, a
3,5-dihydrophosphol-1-yl group, a phospholan-1-yl group, a
1,2-dihydrophosphinin-1-yl group, a 1,4-dihydrophosphi-
nin-1-yl group, a 1,2,3,4-tetrahydrophosphinin-1-yl group, a
1,2,3,6-tetrahydrophosphinin-1-yl group, or a phosphinan-1-
yl group. In other embodiments, when R* and R® are joined to
form a cyclic group including the phosphorus atom of the
N2-phosphinylamidine group, the phosphinyl group can be a
substituted phosphol-1-yl group, a substituted 2,3-dihydro-
phosphol-1-yl group, a substituted 3,5-dihydrophosphol-1-yl
group, a substituted phospholan-1-yl group, a substituted,
1,2-dihydrophosphinin-1-yl group, a substituted 1,4-dihy-
dro-phosphinin-1-yl group, a substituted 1,2,3,4-tetrahydro-
phosphinin-1-yl group, a substituted 1,2,3,6-tetra-hydro-
phosphinin-1-yl group, or a substituted phosphinan-1-yl
group. In yet other embodiments, a phospholan-1-yl group, a
substituted phospholan-1-yl group, a phosphinan-1-yl group,
or a substituted phosphinan-1-yl group; alternatively, a phos-
pholan-1-yl group or a phosphinan-1-yl group; or alterna-
tively, a substituted phospholan-1-yl group or a substituted
phosphinan-1-yl group. In further embodiments, when R*
and R? are joined to form a cyclic group including the phos-
phorus atom of the N*-phosphinyl amidine group, the phos-
phinyl group can be a phosphol-1-yl group; alternatively, a
substituted phosphol-1-yl group; alternatively, a 2,3-dihydro-
phosphol-1-yl group; alternatively, a substituted 2,3-dihydro-
phosphol-1-yl group; alternatively, a 3,5-dihydrophosphol-1-
yl group; alternatively, a substituted 3,5-dihydrophosphol-1-
yl group; alternatively, a phospholan-1-yl group;
alternatively, a substituted phospholan-1-yl group; alterna-
tively, a 1,2-dihydrophosphinin-1-yl group; alternatively, a
substituted, 1,2-dihydrophosphinin-1-yl group; alternatively,
a 1,4-dihydrophosphinin-1-yl group; alternatively, a substi-
tuted 1,4-dihydrophosphinin-1-yl group; alternatively, a 1,2,
3,4-tetrahydro-phosphinin-1-yl group; alternatively, a substi-
tuted 1,2,3 4-tetrahydrophosphinin-1-yl group; alternatively,
a 1,2,3,6-tetrahydrophosphinin-1-yl group; alternatively, a
substituted 1,2,3,6-tetrahydrophosphinin-1-yl group; alter-
natively, a phosphinan-1-yl group; or alternatively, a substi-
tuted phosphinan-1-yl group.

In an embodiment, when R* and R® are joined to form a
cyclic group including the phosphorus atom of the N*-phos-
phinyl amidine group, the cyclic group including the phos-
phorus atom can comprise at least one substituent on a carbon
atom adjacent to the phosphorus atom attached to the N>
nitrogen atom of the N-phosphinyl amidine group. In some
embodiments, when R* and R’ are joined to form a cyclic
group including the phosphorus atom of the N*-phosphiny-
lamidine group, the cyclic group including the phosphorus
atom can comprise at least one substituent on each carbon
atom adjacent to the phosphorus atom attached to the N>
nitrogen atom of the N*-phosphinyl amidine group. In other
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embodiments, when R* and R’ are joined to form a cyclic
group including the phosphorus atom of the N2-phosphinyl
amidine group, the cyclic group including the phosphorus
atom can comprise, or consist of, only one substituent on a
carbon atom adjacent to the phosphorus atom attached to the
N? nitrogen atom of the N2-phosphinyl amidine group. In yet
other embodiments, when R* and R> are joined to form a
cyclic group including the phosphorus atom of the N*-phos-
phinyl amidine group, the cyclic group including the phos-
phorus atom can comprise, or consist of, only one substituent
on each carbon atom adjacent to the phosphorus atom
attached to the N? nitrogen atom of the N*-phosphinyl ami-
dine group.

In an embodiment, each substituent for a cyclic group
including the phosphorus atom of the N*-phosphinyl amidine
group independently can be a halogen, a hydrocarbyl group,
ahydrocarboxy group; alternatively, a halogen, a hydrocarbyl
group; alternatively, a halogen or a hydrocarboxy group;
alternatively, a hydrocarbyl group or a hydrocarboxy group;
alternatively, a halogen; alternatively, a hydrocarbyl group; or
alternatively, a hydrocarboxy group. In some embodiments,
each substituent for a substituted cycloalkyl group which can
beutilized for the cyclic group including the phosphorus atom
of the N*-phosphinyl amidine group independently can be a
halogen, an alkyl group, and an alkoxy group; alternatively, a
halogen and an alkyl group; alternatively, a halogen or an
alkoxy group; alternatively, an alkyl group or an alkoxy
group; alternatively, a halogen; alternatively, an alkyl group;
or alternatively, an alkoxy group. Halogens, hydrocarbyl
groups, hydrocarboxy groups, alkyl groups, and alkoxy
groups that can be utilized as substituents are independently
disclosed herein (e.g. as substituents for substituted R’
groups) and can be utilized without limitation to further
describe the substituents for the cyclic group including the
phosphorus atom of the N?-phosphinyl amidine group.

In an embodiment, R* and/or R® independently can be a
phenyl group, a 2-alkylphenyl group, a 3-alkylphenyl group,
a 4-alkylphenyl group, a 2,4-dialkylphenyl group, a 2,6-di-
alkylphenyl group, a 3,5-dialkylphenyl group, or a 2,4,6-
trialkylphenyl group; alternatively, a 2-alkylphenyl group, a
4-alkylphenyl group, a 2,4-dialkylphenyl group, a 2,6-dialky-
Iphenyl group, or a 2,4,6-trialkylphenyl group; alternatively,
a 2-alkylphenyl group or a 4-alkylphenyl group; alternatively,
a 2.4-dialkylphenyl group, a 2,6-dialkylphenyl group, or a
2,4,6-trialkylphenyl group; alternatively, a 2,4-dialkylphenyl
group or a 2,6-dialkylphenyl group; alternatively, a 2,6-di-
alkylphenyl group, or a 2,4,6-trialkylphenyl group; alterna-
tively, a 3-alkylphenyl group or a 3,5-dialkylphenyl group;
alternatively, a 2-alkylphenyl group or a 2,6-dialkylphenyl
group; alternatively, a 2-alkylphenyl group; alternatively, a
3-alkylphenyl group; alternatively, a 4-alkylphenyl group;
alternatively, a 2,4-dialkylphenyl group; alternatively, a 2,6-
dialkylphenyl group; alternatively, a 3,5-dialkylphenyl
group; or alternatively, a 2.4,6-trialkylphenyl group. In
another non-limiting embodiment, R* and/or R® indepen-
dently can be a napht-1-yl group, a 2-naphth-2-yl group, a
2-alkylnaphth-1-yl group, a 1-alkylnaphth-2-yl group, a
3-alkylnapth-2-yl group, or a 1,3-dialkylnaphth-2-yl group;
alternatively, a napht-1-yl group or a 2-alkylnaphth-1-yl
group; alternatively, a naphth-2-yl group, a 1-alkylnaphth-2-
yl group, a 3-alkylnapth-2-yl group, or a 1,3-dialkyl-naphth-
2-yl group; alternatively, a napht-1-yl group; alternatively, a
2-naphth-2-yl group; alternatively, a 2-alkylnaphth-1-yl
group; alternatively, a 1-alkylnaphth-2-yl group; alterna-
tively, a 3-alkylnapth-2-yl group; or alternatively, a 1,3-di-
alkylnaphth-2-yl1 group. In other non-limiting embodiments,
R* and/or R® independently can be a cyclohexyl group, a
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2-alkylcyclohexyl group, or a 2,6-dialkylcyclohexyl group;
alternatively, a cyclopentyl group, a 2-alkylcyclopentyl
group, or a 2,5-dialkylcyclopentyl group; alternatively, a
cyclohexyl group; alternatively, a 2-alkylcyclohexyl group;
alternatively, a 2,6-dialkylcyclohexyl group; alternatively,
cyclopentyl group; alternatively, a 2-alkylcyclopentyl group;
or alternatively, a 2,5-dialkylcyclopentyl group. Alkyl group
substituents are independently described herein and can be
utilized, without limitation, to further describe the alkylphe-
nyl, dialkylphenyl, trialkylphenyl, naphthyl, dialkylnaphthyl,
alkyleyclohexyl, dialkylcyclohexyl, alkylcyclopentyl, or
dialkylcyclopentyl groups that can be utilized R* and/or R®.
Generally, the alkyl substituents of a dialkyl or trialkyl phe-
nyl, naphthyl, cyclohexyl, or cyclopentyl group can be the
same; or alternatively, the alkyl substituents of a dialkyl or
trialkyl phenyl, naphthyl, cyclohexyl, or cyclopentyl group
can be different.

In another non-limiting embodiment, R* and/or R® inde-
pendently can be a phenyl group, a 2-alkoxyphenyl group, a
3-alkoxyphenyl group, a 4-alkoxyphenyl group, or 3,5-di-
alkoxyphenyl group; alternatively, a 2-alkoxyphenyl group or
a 4-alkoxyphenyl group; alternatively, a 3-alkoxyphenyl
group or 3,5-dialkoxyphenyl group; alternatively, a 2-alkox-
yphenyl group; alternatively, a 3-alkoxyphenyl group; alter-
natively, a 4-alkoxyphenyl group; alternatively, a 3,5-di-
alkoxyphenyl group. Alkoxy group substituents are
independently described herein and may be utilized, without
limitation, to further describe the alkoxyphenyl or dialkox-
yphenyl groups that can be utilized R* and/or R®. Generally,
the alkoxy substituents of a dialkoxyphenyl groups can be the
same; or alternatively, the alkoxy substituents of a dialkox-
yphenyl group can be different.

In other non-limiting embodiments, R* and/or R® indepen-
dently can be a phenyl group, a 2-halophenyl group, a
3-halophenyl group, a 4-halophenyl group, a 2,6-dihalophe-
nylgroup, or a 3,5-dialkylphenyl group; alternatively, a
2-halophenyl group, a 4-halophenyl group, or a 2,6-dih-
alophenyl group; alternatively, a 2-halophenyl group or a
4-halophenyl group; alternatively, a 3-halophenyl group or a
3,5-dihalophenyl group; alternatively, a 2-halophenyl group;
alternatively, a 3-halophenyl group; alternatively, a
4-halophenyl group; alternatively, a 2,6-dihalophenylgroup;
or alternatively, a 3,5-dihalophenyl group. Halides are inde-
pendently described herein and may be utilized, without limi-
tation, to further describe the halophenyl or dihalophenyl
groups that can be utilized R* and/or R®. Generally, the
halides of a dihalophenyl group can be the same; or alterna-
tively, the halides of a dihalophenyl group can be different.

In anon-limiting embodiment, R* and/or R® independently
can be a 2-methylphenyl group, a 2-ethylphenyl group, a
2-isopropylphenyl group, a 2-tert-butylphenyl group, a 3-me-
thylphenyl group, a 2,6-dimethylphenyl group, a 2,6-dieth-
ylphenyl group, a 2,6-diisopropylphenyl group, a 2,6-di-tert-
butylphenyl group, a 3,5-dimethyl group, or a 2.,4,6-
trimethylphenyl group; alternatively, a 2-methylphenyl
group, a 2-ethylphenyl group, a 2-isopropylphenyl group, or
a 2-tert-butylphenyl group; alternatively, a 2,6-dimethylphe-
nyl group, a 2,6-diethylphenyl group, a 2,6-diisopropylphe-
nyl group, or a 2,6-di-tert-butylphenyl group; alternatively,
2-methylphenyl group; alternatively, a 2-ethylphenyl group;
alternatively, a 2-isopropylphenyl group; alternatively, a
2-tert-butylphenyl group; alternatively, a 3-methylphenyl
group; alternatively, a 2,6-dimethylphenyl group; alterna-
tively, a 2,6-diethylphenyl group; alternatively, a 2,6-diiso-
propylphenyl group; alternatively, a 2,6-di-tert-butylphenyl
group; alternatively, a 3,5-dimethyl group; or alternatively, a
2,4,6-trimethylphenyl group. In another non-limiting
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embodiment, R* and/or R® independently can be cyclohexyl
group, a 2-methylcyclohexyl group, a 2-ethylcyclohexyl
group, a 2-isopropylcyclohexyl group, a 2-tert-butylcyclo-
hexyl group, a 2,6-dimethylcyclohexyl group, a 2,6-diethyl-
cyclohexyl group, a 2,6-diisopropylcyclohexyl group, or a
2,6-di-tert-butylcyclohexyl group; alternatively, a 2-methyl-
cyclohexyl group, a 2-ethylcyclohexyl group, a 2-isopropyl-
cyclohexyl group, or a 2-tert-butylcyclohexyl group; alterna-
tively, a 2,6-dimethylcyclohexyl group, a 2,6-
diethylcyclohexyl group, a 2,6-diisopropylcyclohexyl group,
or a 2,6-di-tert-butylcyclohexyl group; alternatively, a cyclo-
hexyl group; alternatively, a 2-methylcyclohexyl group; alter-
natively, a 2-ethylcyclohexyl group; alternatively, a 2-isopro-
pyleyclohexyl group; alternatively, a 2-tert-butyl-cyclohexyl
group; alternatively, a 2,6-dimethylcyclohexyl group; alter-
natively, a 2,6-diethylcyclohexyl group; alternatively, a 2,6-
diisopropylcyclohexyl group; or alternatively, a 2,6-di-tert-
butylcyclohexyl group. In another non-limiting embodiment,
R* and/or R® independently can be a 2-methylnaphth-1-yl
group, a 2-ethylnaphth-1-yl group, a 2-n-propylnaphth-1-yl
group, a 2-isopropylnaphth-1-yl group, or a 2-tert-butyl-
naphth-1-yl group; alternatively, a 2-methylnaphth-1-yl
group; alternatively, a 2-ethyl-naphth-1-yl group; alterna-
tively, a 2-n-propylnaphth-1-yl group; alternatively, a 2-iso-
propylnaphth-1-yl group; or alternatively, a 2-tert-butyl-
naphth-1-yl group.

In a non-limiting embodiment, R* and/or R” independently
can be a 2-methoxyphenyl group, a 2-ethoxyphenyl group, a
2-isopropoxyphenyl group, a 2-tert-butoxyphenyl group, a
3-methoxyphenyl group, a 3-ethoxyphenyl group, a 3-isopro-
poxyphenyl group, a 3-tert-butoxyphenyl group, a 4-methox-
yphenyl group, a 4-ethoxyphenyl group, a 4-isopropoxyphe-
nyl group, a 4-tert-butoxyphenyl group, a 24-
dimethoxyphenyl group, a 2,4-diethoxyphenyl group, a 2,4-
diisopropoxyphenyl group, a 2,4-di-tert-butoxyphenyl
group, a 3,5-dimethoxyphenyl group, a 3,5-diethoxyphenyl
group, a 3,5-diisopropoxyphenyl group, a 3,5-di-tert-butox-
yphenyl group, a 2,6-dimethoxyphenyl group, a 2,6-diethox-
yphenyl group, a 2,6-diisopropoxyphenyl group, a 2,6-di-
tert-butoxyphenyl group, or a 2,4,6-trimethoxyphenyl group;
alternatively, a 2-methoxyphenyl group, a 2-ethoxyphenyl
group, a 2-isopropoxyphenyl group, or a 2-tert-butoxyphenyl
group; alternatively, a 3-methoxyphenyl group, a 3-ethox-
yphenyl group, a 3-isopropoxyphenyl group, or a 3-tert-bu-
toxyphenyl group; alternatively, a 4-methoxyphenyl group, a
4-ethoxyphenyl group, a 4-isopropoxyphenyl group, or a
4-tert-butoxyphenyl group; alternatively, a 2,4-dimethox-
yphenyl group, a 2,4-diethoxyphenyl group, a 2.4-diisopro-
poxyphenyl group, or a 2,4-di-tert-butoxyphenyl group; alter-
natively, a 3,5-dimethoxyphenyl group, a 3,5-diethoxyphenyl
group, a 3,5-diisopropoxyphenyl group, or a 3,5-di-tert-bu-
toxyphenyl group; or alternatively, a 2,6-dimethoxyphenyl
group, a 2,6-diethoxyphenyl group, a 2,6-diisopropoxyphe-
nyl group, or a 2,6-di-tert-butoxyphenyl group. In other non-
limiting embodiments, R* and/or R® independently can be a
2-methoxyphenyl group; alternatively, a 2-ethoxyphenyl
group; alternatively, a 2-isopropoxyphenyl group; alterna-
tively, a 2-tert-butoxyphenyl group; alternatively, a 3-meth-
oxyphenyl group; alternatively, a 3-ethoxyphenyl group;
alternatively, a 3-isopropoxyphenyl group; alternatively, a
3-tert-butoxyphenyl group; alternatively, a 4-methoxyphenyl
group; alternatively, a 4-ethoxyphenyl group; alternatively, a
4-isopropoxyphenyl group; alternatively, a 4-tert-butoxyphe-
nyl group; alternatively, a 2,4-dimethoxyphenyl group; alter-
natively, a 2,4-diethoxyphenyl group; alternatively, a 2,4-
diisopropoxyphenyl group; alternatively, a 2.,4-di-tert-
butoxyphenyl group; alternatively, a 3,5-dimethoxyphenyl
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group; alternatively, a 3,5-diethoxyphenyl group; alterna-
tively, a 3,5-diisopropoxyphenyl group; alternatively, a 3,5-
di-tert-butoxyphenyl group; alternatively, a 2,6-dimethox-
yphenyl group; alternatively, a 2,6-diethoxyphenyl group;
alternatively, a 2,6-diisopropoxyphenyl group; alternatively,
a 2,6-di-tert-butoxyphenyl group; or alternatively, a 2,4,6-
trimethoxyphenyl group.

In another non-limiting embodiment, R* and/or R® inde-
pendently can be a 2-fluorophenyl group, a 2-chlorophenyl
group, a 3-fluorophenyl group, a 3-chlorophenyl group, a
4-fluorophenyl group, a 4-chlorophenyl group, a 3,5-difluo-
rophenyl group, or a 3,5-dichlorophenyl group; alternatively,
a 2-fluorophenyl group or a 2-chlorophenyl group; alterna-
tively, a 3-fluorophenyl group or a 3-chlorophenyl group;
alternatively, a 4-fluorophenyl group or a 4-chlorophenyl
group; alternatively, a 3,5-difluorophenyl group or a 3,5-
dichlorophenyl group; alternatively, a 3-fluorophenyl group,
a 3-chlorophenyl group, a 3,5-difluorophenyl group or a 3,5-
dichlorophenyl group; or alternatively, a 3-fluorophenyl
group or a 3,5-difluorophenyl group. In another non-limiting
embodiments, R* and/or R> independently can be a 2-fluo-
rophenyl group; alternatively, a 2-chlorophenyl group; alter-
natively, a 3-fluorophenyl group; alternatively, a 3-chlorophe-
nyl group; alternatively, a 4-fluorophenyl group;
alternatively, a 4-chlorophenyl; alternatively, a 3,5-difluo-
rophenyl group; or alternatively, a 3,5-dichlorophenyl group.

Generally, the R* and/or R® groups of the phosphinyl group
independently can be any R* or R® group described herein and
utilized in any combination to further describe the phosphinyl
group of any N2-phosphinyl amidine compound described
herein. In an embodiment, R* and R® can be the same. In other
embodiments R* and R’ can be different.

In an aspect, the phosphinyl group of the N*-phosphinyl
amidine compound can be a diphenylphosphinyl group, a
dialkylphosphinyl group, a bis(mono-halo substituted phe-
nyl)phosphinyl group, a bis(mono-alkyl substituted phenyl)
phosphinyl group, or a bis(mono-alkoxy substituted phenyl)-
phosphinyl group; alternatively, a diphenylphosphinyl group;
alternatively, a dialkylphosphinyl group; alternatively, a bis
(mono-halo substituted phenyl)phosphinyl group; alterna-
tively, a bis(mono-alkyl substituted phenyl)phosphinyl
group; alternatively, a bis(mono-alkoxy substituted phenyl)
phosphinyl group. In another aspect, the phosphinyl group of
the N2-phosphinyl amidine compound can be an (alkyl)(phe-
nyl)phosphinyl group, a (mono-halo substituted phenyl)(phe-
nyl)phosphinyl group, a (mono-alkyl substituted phenyl)
(phenyl)phosphinyl group, a (mono-alkoxy substituted
phenyl)(phenyl)-phosphinyl group, a (mono-alkyl substi-
tuted phenyl)(mono-halo substituted phenyl)phosphinyl
group, or a (mono-alkyl substituted phenyl)(mono-alkoxy
substituted phenyl)phosphinyl group; alternatively, an (alkyl)
(phenyl)phosphinyl group; alternatively, a (mono-halo sub-
stituted phenyl)(phenyl)phosphinyl group; alternatively, a
(mono-alkyl substituted phenyl)(phenyl)phosphinyl group;
alternatively, a (mono-alkoxy substituted phenyl)(phenyl)
phosphinyl group; alternatively, a (mono-alkyl substituted
phenyl)-(mono-halo substituted phenyl)phosphinyl group; or
alternatively, a (mono-alkyl substituted phenyl)-(mono-
alkoxy substituted phenyl)phosphinyl group. In another
aspect, the phosphinyl group of the N*-phosphinyl amidine
compound can be a bis(dihalo substituted phenyl)phosphinyl
group, a bis(dialkyl substituted phenyl)phosphinyl group, a
bis(dialkoxy substituted phenyl)phosphinyl group, a bis(tri-
alkyl-phenyl)phosphinyl group, or a bis(trialkoxyphenyl)
phosphinyl group; alternatively, bis(dihalo substituted phe-
nyl)phosphinyl group; alternatively, a bis(dialkyl substituted
phenyl)phosphinyl group; alternatively, a bis(dialkoxy sub-
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stituted phenyl)phosphinyl group; alternatively, a bis(trialky-
Iphenyl)phosphinyl group; or alternatively, a bis(trialkox-
yphenyl)phosphinyl group. Halogens, alkyl groups, and
alkoxy groups are independently described herein (e.g. as
substituents for substituted R* groups) and can be utilized,
without limitation to further describe the phosphinyl group
which can be utilized in the N*-phosphinyl amidine com-
pound.

In a non-limiting aspect, the phosphinyl group of the
NZ2-phosphinyl amidine compound can be a dimethylphos-
phinyl group, a diethylphosphinyl group, a diisopropylphos-
phinyl group, a di-tert-butylphosphinyl group, or a di-neo-
pentylphosphinyl group. In a non-limiting embodiment, the
phosphinyl group of the N*-phosphinyl amidine compound
can be a dimethylphosphinyl group; alternatively, a diethyl
phosphinyl group; alternatively, a diisopropylphosphinyl
group; alternatively, a di-tert-butyl-phosphinyl group; or
alternatively, a di-neo-pentylphosphinyl group.

In a non-limiting aspect, the phosphinyl group of the
NZ2-phosphinyl amidine compound can be a (methyl)(phenyl)
phosphinyl group, a (ethyl)(phenyl)phosphinyl group, a (iso-
propyl)(phenyl)phosphinyl group, a (tert-butyl)(phenyl)
phosphinyl group, or a (neo-pentyl)(phenyl)phosphinyl
group. In an embodiment, the phosphinyl group of the
NZ2-phosphinyl amidine compound can be a (methyl)(phe-
nyl)-phosphinyl group; alternatively, a (ethyl)(phenyl) phos-
phinyl group; alternatively, a (isopropyl)(phenyl)phosphinyl
group; alternatively, a (tert-butyl)(phenyl)phosphinyl group;
or alternatively, a (neo-pentyl)(phenyl)phosphinyl group.

In some non-limiting embodiments, the phosphinyl group
of the N?-phosphinyl amidine compound can be a dicyclo-
pentyl phosphinyl group, a dicyclohexyl phosphinyl group;
alternatively, a dicyclopentylphosphinyl group; or alterna-
tively, a dicyclohexylphosphinyl group.

In yet another non non-limiting aspect, the phosphinyl
group of the N>-phosphinyl amidine compound can be a
bis(2-fluorophenyl)phosphinyl group, a bis(2-chlorophenyl)
phosphinyl group, a bis(3-fluorophenyl)phosphinyl group, a
bis(3-chlorophenyl)phosphinyl group, a bis(4-fluorophenyl)-
phosphinyl group, or a bis(4-chlorophenyl)phosphinyl group.
In some non-limiting embodiments, the phosphinyl group of
the N?-phosphinyl amidine compound can be a bis(2-fluo-
rophenyl)phosphinyl group, a bis(3-fluorophenyl)phosphinyl
group, or a bis(4-fluorophenyl)phosphinyl group; or alterna-
tively, a bis(2-chlorophenyl)phosphinyl group, a bis(3-chlo-
rophenyl)phosphinyl group, or a bis(4-chlorophenyl)-phos-
phinyl group. In other non-limiting embodiments, the
phosphinyl group of the N*-phosphinyl amidine compound
can be a bis(2-fluorophenyl)phosphinyl group; alternatively,
a bis(2-chlorophenyl)-phosphinyl group; alternatively, a bis
(3-fluorophenyl)phosphinyl group; alternatively, a bis(3-
chloro-phenyl)phosphinyl group; alternatively, a bis(4-fluo-
rophenyl)phosphinyl group; or alternatively, a bis(4-
chlorophenyl)phosphinyl group.

In yet another non non-limiting aspect, the phosphinyl
group of the N*-phosphinyl amidine compound can be a
(2-fluorophenyl)(phenyl)phosphinyl group, a (2-chlorophe-
nyl)(phenyl)phosphinyl group, a (3-fluorophenyl)(phenyl)
phosphinyl group, a (3-chlorophenyl)(phenyl)phosphinyl
group, a (4-fluorophenyl)(phenyl)phosphinyl group, or a
(4-chlorophenyl)(phenyl)phosphinyl group. In some non-
limiting embodiments, the phosphinyl group of the N*-phos-
phinyl amidine compound can be a (2-fluorophenyl)(phenyl)
phosphinyl group, a (3-fluorophenyl)(phenyl)phosphinyl
group, or a (4-fluoro-phenyl)(phenyl)phosphinyl group; or
alternatively, a (2-chlorophenyl)(phenyl)phosphinyl group, a
(3-chlorophenyl)(phenyl)phosphinyl group, or a (4-chlo-
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rophenyl)(phenyl)phosphinyl group. In other non-limiting
embodiments, the phosphinyl group of the N2-phosphinyl
amidine compound can be a (2-fluorophenyl)(phenyl)phos-
phinyl group; alternatively, a (2-chlorophenyl)(phenyl)phos-
phinyl group; alternatively, a (3-fluorophenyl)(phenyl)phos-
phinyl group; alternatively, a (3-chlorophenyl)(phenyl)-
phosphinyl group; alternatively, a (4-fluorophenyl)(phenyl)
phosphinyl group; or alternatively, a (4-chlorophenyl)
(phenyl)phosphinyl group.

In yet another non non-limiting aspect, the phosphinyl
group of the N>-phosphinyl amidine compound can be a
diphenylphosphinyl group, a bis(2-methylphenyl)phosphinyl
group, a bis(2-ethyl-phenyl)phosphinyl group, a bis(2-iso-
propylphenyl)phosphinyl group, a bis(2-tert-butylphenyl)
phosphinyl group, a bis(3-methylphenyl)phosphinyl group, a
bis(3-ethylphenyl)phosphinyl group, bis(3-isopropyl-phe-
nyl)phosphinyl group, a bis(3-tert-butylphenyl)phosphinyl
group, a diphenylphosphinyl group, a bis(4-methylphenyl)
phosphinyl group, a bis(4-ethylphenyl)phosphinyl group, a
bis(4-isopropylphenyl)-phosphinyl group, or a bis(4-tert-bu-
tylphenyl)phosphinyl group. In a non-limiting embodiment,
the phosphinyl group of the N*-phosphinyl amidine com-
pound can be a bis(2-methylphenyl)phosphinyl group, a bis
(2-ethylphenyl)phosphinyl group, a bis(2-isopropylphenyl)
phosphinyl group, or a bis(2-tert-butylphenyl)phosphinyl
group; alternatively, a diphenylphosphinyl group, a bis(3-
methyl-phenyl)phosphinyl group, a bis(3-ethylphenyl)phos-
phinyl group, a bis(3-isopropylphenyl)phosphinyl group, ora
bis(3-tert-butylphenyl)phosphinyl group; or alternatively, a
diphenylphosphinyl group, a bis(4-methylphenyl)phosphinyl
group, a bis(4-ethylphenyl)phosphinyl group, a bis(4-isopro-
pyl-phenyl)phosphinyl group, or a bis(4-tert-butylphenyl)
phosphinyl group. In other non-limiting embodiments, the
phosphinyl group of the N*-phosphinyl amidine compound
can be a diphenyl-phosphinyl group; alternatively, a bis(2-
methylphenyl)phosphinyl group; alternatively, a bis(2-ethyl-
phenyl)phosphinyl group; alternatively, a bis(2-isopropy-
Iphenyl)phosphinyl group; alternatively, a bis(2-tert-
butylphenyl)phosphinyl group; alternatively, a bis(3-
methylphenyl)phosphinyl group; alternatively, a bis(3-
ethylphenyl)phosphinyl group; alternatively, a bis(3-
isopropylphenyl)phosphinyl group; alternatively, a bis(3-
tert-butylphenyl)phosphinyl  group;  alternatively, a
diphenylphosphinyl group; alternatively, a bis(4-methylphe-
nyl)phosphinyl group; alternatively, a bis(4-ethylphenyl)-
phosphinyl group; alternatively, a bis(4-isopropylphenyl)
phosphinyl group; or alternatively, a bis(4-tert-butylphenyl)
phosphinyl group.

In yet another non non-limiting aspect, the phosphinyl
group of the N>-phosphinyl amidine compound can be a
diphenylphosphinyl group, a (2-methylphenyl)(phenyl)phos-
phinyl group, a (2-ethyl-phenyl)(phenyl)phosphinyl group, a
(2-isopropylphenyl)(phenyl)phosphinyl group, a (2-tert-bu-
tyl-phenyl)(phenyl)phosphinyl group, a (3-methylphenyl)
(phenyl)phosphinyl group, a (3-ethylphenyl)-(phenyl)phos-
phinyl group, (3-isopropylphenyl)(phenyl)phosphinyl group,
a (3-tert-butylphenyl)(phenyl)-phosphinyl group, a diphe-
nylphosphinyl group, a (4-methylphenyl)(phenyl)phosphinyl
group, a (4-ethyl-phenyl)(phenyl)phosphinyl group, a (4-iso-
propylphenyl)(phenyl)phosphinyl group, or a (4-tert-butyl-
phenyl)(phenyl)phosphinyl group. In a non-limiting embodi-
ment, the phosphinyl group of the N*-phosphinyl amidine
compound can be a (2-methylphenyl)(phenyl)phosphinyl
group, a (2-ethyl-phenyl)(phenyl)phosphinyl group, (2-iso-
propylphenyl)(phenyl)phosphinyl group, or a (2-tert-butyl-
phenyl)(phenyl)phosphinyl group; alternatively, a diphe-
nylphosphinyl  group, a  (3-methylphenyl)-(phenyl)
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phosphinyl group, a (3-ethylphenyl)(phenyl)phosphinyl
group, a (3-isopropylphenyl)(phenyl)-phosphinyl group, or a
(3-tert-butylphenyl)(phenyl)phosphinyl group; or alterna-
tively, a diphenyl-phosphinyl group, a (4-methylphenyl)(phe-
nyl)phosphinyl group, a (4-ethylphenyl)(phenyl)phosphinyl
group, a (4-isopropylphenyl)(phenyl)phosphinyl group, or a
(4-tert-butylphenyl)(phenyl)phosphinyl group. In other non-
limiting embodiments, the phosphinyl group of the N*-phos-
phinyl amidine compound can be a diphenylphosphinyl
group; alternatively, a (2-methylphenyl)(phenyl)phosphinyl
group; alternatively, a (2-ethylphenyl)(phenyl)phosphinyl
group; alternatively, a (2-isopropylphenyl)-(phenyl)phosphi-
nyl group; alternatively, a (2-tert-butylphenyl)(phenyl)phos-
phinyl group; alternatively, a (3-methylphenyl)(phenyl)phos-
phinyl group; alternatively, a (3-ethylphenyl)(phenyl)
phosphinyl group; alternatively, a (3-isopropylphenyl)
(phenyl)phosphinyl  group; alternatively, a (3-tert-
butylphenyl)-(phenyl)phosphinyl group; alternatively, a
diphenylphosphinyl group; alternatively, a (4-methylphe-
nyl)-(phenyl)phosphinyl group; alternatively, a (4-ethylphe-
nyl)(phenyl)phosphinyl group, (4-isopropyl-phenyl)(phenyl)
phosphinyl group; or alternatively, a (4-tert-butylphenyl)
(phenyl)phosphinyl group.

In yet another non non-limiting aspect, the phosphinyl
group of the N>-phosphinyl amidine compound can be a
diphenylphosphinyl group, a bis(2-methoxyphenyl)phosphi-
nyl group, a bis(2-ethoxy-phenyl)phosphinyl group, a bis(2-
isopropoxyphenyl)phosphinyl group, a bis(2-tert-butoxyphe-
nyl)-phosphinyl group, a bis(3-methoxyphenyl)phosphinyl
group, a bis(3-ethoxyphenyl)phosphinyl group, a bis(3-iso-
propoxyphenyl)phosphinyl group, a bis(3-tert-butoxyphe-
nyl)phosphinyl group, a diphenoxy-phosphinyl group, a bis
(4-methoxyphenyl)phosphinyl group, a bis(4-ethoxyphenyl)
phosphinyl  group,  bis(4-isopropoxyphenyl)phosphinyl
group, or a bis(4-tert-butoxyphenyl)phosphinyl group. In a
non-limiting embodiment, the phosphinyl group of the
NZ2-phosphinyl amidine compound can be a bis(2-methox-
yphenyl)phosphinyl group, a bis(2-ethoxyphenyl)phosphinyl
group, a bis(2-isopropoxy-phenyl)phosphinyl group, or a bis
(2-tert-butoxyphenyl)phosphinyl group; alternatively, a
diphenoxy-phosphinyl group, a bis(3-methoxyphenyl)phos-
phinyl group, a bis(3-ethoxyphenyl)phosphinyl group, a bis
(3-isopropoxyphenyl)phosphinyl group, or a bis(3-tert-bu-
toxyphenyl)phosphinyl  group; or alternatively, a
diphenoxyphosphinyl group, a bis(4-methoxyphenyl)phos-
phinyl group, a bis(4-ethoxy-phenyl)phosphinyl group, a bis
(4-isopropoxyphenyl)phosphinyl group, or a bis(4-tert-bu-
toxyphenyl)-phosphinyl group. In other non-limiting
embodiments, the phosphinyl group of the N2-phosphinyl
amidine compound can be a diphenylphosphinyl group; alter-
natively, a bis(2-methoxyphenyl)phosphinyl group; alterna-
tively, a bis(2-ethoxyphenyl)phosphinyl group; alternatively,
a bis(2-isopropoxyphenyl)-phosphinyl group; alternatively, a
bis(2-tert-butoxyphenyl)phosphinyl group; alternatively, a
bis(3-methoxyphenyl)phosphinyl group; alternatively, a bis
(3-ethoxyphenyl)phosphinyl group; alternatively, a bis(3-iso-
propoxyphenyl)phosphinyl group; alternatively, a bis(3-tert-
butoxyphenyl)-phosphinyl  group; alternatively, a
diphenoxyphosphinyl group; alternatively, a bis(4-methox-
yphenyl)-phosphinyl group; alternatively, a bis(4-ethoxyphe-
nyl)phosphinyl group; alternatively, a bis(4-isopropoxyphe-
nyl)phosphinyl group; or alternatively, a bis(4-tert-
butoxyphenyl)phosphinyl group.

In yet another non non-limiting aspect, the phosphinyl
group of the N>-phosphinyl amidine compound can be a
diphenylphosphinyl group, a (2-methoxyphenyl)(phenyl)
phosphinyl group, a (2-ethoxyphenyl)(phenyl)phosphinyl
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group, a (2-isopropoxyphenyl)(phenyl)phosphinyl group, a
(2-tert-butoxyphenyl)(phenyl)phosphinyl group, a (3-meth-
oxyphenyl)(phenyl)phosphinyl group, a (3-ethoxyphenyl)
(phenyl)phosphinyl group, a (3-isopropoxyphenyl)(phenyl)
phosphinyl  group, a  (3-tert-butoxyphenyl)(phenyl)
phosphinyl group, a diphenoxyphosphinyl group, a
(4-methoxyphenyl)-(phenyl)phosphinyl group, a (4-ethox-
yphenyl)(phenyl)phosphinyl group, a (4-isopropoxyphenyl)-
(phenyl)phosphinyl group, or a (4-tert-butoxyphenyl)(phe-
nyl)phosphinyl group. In a non-limiting embodiment, the
phosphinyl group of the N*-phosphinyl amidine compound
can be a (2-methoxy-phenyl)(phenyl)phosphinyl group, a
(2-ethoxyphenyl)(phenyl)phosphinyl ~ group,  (2-isopro-
poxyphenyl)-(phenyl)phosphinyl group, or a (2-tert-butox-
yphenyl)(phenyl)phosphinyl group; alternatively, a diphe-
noxyphosphinyl group, a (3-methoxyphenyl)(phenyl)
phosphinyl group, a (3-ethoxyphenyl)-(phenyl)phosphinyl
group, a (3-isopropoxyphenyl)(phenyl)phosphinyl group, or
a (3-tert-butoxyphenyl)-(phenyl)phosphinyl group; or alter-
natively, a diphenoxyphosphinyl group, a (4-methoxyphenyl)
(phenyl)-phosphinyl group, a (4-ethoxyphenyl)(phenyl)
phosphinyl group, (4-isopropoxyphenyl)(phenyl)-
phosphinyl group, or a (4-tert-butoxyphenyl)(phenyl)
phosphinyl group. In other non-limiting embodiments, the
phosphinyl group of the N*-phosphinyl amidine compound
can be a diphenyl-phosphinyl group; alternatively, a (2-meth-
oxyphenyl)(phenyl)phosphinyl group; alternatively, a
(2-ethoxyphenyl)(phenyl)phosphinyl group; alternatively, a
(2-isopropoxyphenyl)(phenyl)phosphinyl group; alterna-
tively, a (2-tert-butoxyphenyl)(phenyl)phosphinyl group;
alternatively, a  (3-methoxy-phenyl)(phenyl)phosphinyl
group; alternatively, a (3-ethoxyphenyl)(phenyl)phosphinyl
group; alternatively, a (3-isopropoxyphenyl)(phenyl)phos-
phinyl group; alternatively, a (3-tert-butoxyphenyl)-(phenyl)
phosphinyl group; alternatively, a diphenoxyphosphinyl
group; alternatively, a (4-methoxy-phenyl)(phenyl)phosphi-
nyl group; alternatively, a (4-ethoxyphenyl)(phenyl)phosphi-
nyl group, (4-isopropoxyphenyl)(phenyl)phosphinyl group;
or alternatively, a (4-tert-butoxyphenyl)(phenyl)-phosphinyl
group.

Generally, D' canbe a q valent organic group; alternatively,
a q valent an organic group consisting essentially of inert
functional groups; or alternatively, a q valent hydrocarbon
group. In an aspect, D' can be a q valent C, to C,, organic
group; alternatively, a q valent C, to C,, organic group; alter-
natively, a q valent C, to C, 5 organic group; alternatively, a q
valent C, to C,, organic group; or alternatively, a q valent C,
to C, organic group. In another aspect, D' canbe a q valent C,
to C,, organic group consisting essentially of inert functional
groups; alternatively, a q valent C, to C,, organic group con-
sisting essentially of inert functional groups; alternatively, aq
valent C, to C, organic group consisting essentially of inert
functional groups; alternatively, a q valent C, to C,, organic
group consisting essentially of inert functional groups; or
alternatively, a q valent C, to Cs organic group consisting
essentially of inert functional groups. In yet another aspect,
D' can be a q valent C, to C,, hydrocarbyl group; alterna-
tively, a q valent C, to C,, hydrocarbyl group; alternatively, a
q valent C, to C, 5 hydrocarbyl group; alternatively, a q valent
C, to C,, hydrocarbyl group; or alternatively, a q valent C, to
C, hydrocarbyl group. In yet other aspects, D' can be a q
valent C; to C;, aromatic group; alternatively, a q valent C; to
C,, aromatic group; alternatively, a q valent C, to C, 5 aro-
matic group; or alternatively, a q valent C; to C,, aromatic
group.

In an aspect, q can be an integer greater than zero. In some
embodiments, q can be an integer from 1 to 5; alternatively, an
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integer from 1 to 4; or alternatively, 2 or 3. In other embodi-
ments, q can be 1; alternatively, 2; alternatively, 3; alterna-
tively, 4; or alternatively, 5.

In an aspect, L' can be a C, to C,, organylene group;
alternatively, a C, to C,, organylene group; alternatively, a C,
to C, 5 organylene group; alternatively, a C, to C, , organylene
group; or alternatively, a C; to C, organylene group. In
another aspect, L' can be a C, to C;, organylene group con-
sisting essentially of inert functional groups; alternatively, a
C, to C,, organylene group consisting essentially of inert
functional groups; alternatively, a C, to C, s organylene group
consisting essentially of inert functional groups; alterna-
tively, a C, to C,, organylene group; or alternatively, a C, to
C, organylene group consisting essentially of inert functional
groups. In yet another aspect, L' can be a C, to C,, hydrocar-
bylene group; alternatively, a C, to C,, hydrocarbylene
group; alternatively, a C, to C, 5 hydrocarbylene group; alter-
natively, a C, to C,, hydrocarbylene group; or alternatively, a
C, to Cs hydrocarbylene group. In yet other aspects, L' can be
a C;to C;, aromatic group; alternatively, a C; to C,, aromatic
group; alternatively, a C, to C, 5 aromatic group; or alterna-
tively, a C; to C,, aromatic group.

In an aspect, L' can be a C, to C,,, alkylene group, a C, to
C;, cycloalkylene group, a C, to C,, substituted cycloalky-
lene group, a C; to C,, aliphatic heterocyclylene group, a C,
to C,, substituted aliphatic heterocyclylene group, aC4to Cs
arylene group, a C, to C,, substituted arylene group, a C; to
C,, heteroarylene group, or a C; to C;, substituted het-
eroarylene group; alternatively, a C, to C, alkylene group, a
C, to C;, cycloalkylene group, a C, to C,, substituted
cycloalkylene group, a C4to C;, arylene group, ora Cgto Cy
substituted arylene group; alternatively, a C, to C;,
cycloalkylene group or a C, to C,, substituted cycloalkylene
group; alternatively, a C; to C;, aliphatic heterocyclylene
group or a C; to C,, substituted aliphatic heterocyclylene
group; alternatively, a Cq to C, arylene group or a C4to C,
substituted arylene group; alternatively, a C; to C,q het-
eroarylene group or a C; to C;, substituted heteroarylene
group; alternatively, a C, to C;,, alkylene group; alternatively,
a C, to C,, cycloalkylene group; alternatively, a C, to C;,
substituted cycloalkylene group; alternatively, a C; to C;,
aliphatic heterocyclylene group; alternatively, a C; to C;,
substituted aliphatic heterocyclylene group; alternatively, a
C¢ 1o C;, arylene group; alternatively, a Cq to C;, substituted
arylene group; alternatively, a C; to C;, heteroarylene group;
or alternatively, a C; to C, substituted heteroarylene group.
Inan embodiment, ! can bea C, to C 5 alkylene group,a C,,
to C,, cycloalkylene group, a C, to C,, substituted cycloalky-
lene group, a C; to C,, aliphatic heterocyclylene group, a C,
to C,, substituted aliphatic heterocyclylene group,aC4t0 C,
arylene group, a C, to C,, substituted arylene group, a C; to
C,, heteroarylene group, or a C; to C,, substituted het-
eroarylene group; alternatively, a C, to C, 5 alkylene group, a
C, to C,, cycloalkylene group, a C, to C,, substituted
cycloalkylene group, a C4to C, arylene group, ora Cgto C,
substituted arylene group; alternatively, a C, to C,,
cycloalkylene group or a C, to C,, substituted cycloalkylene
group; alternatively, a C; to C,, aliphatic heterocyclylene
group or a C; to C,, substituted aliphatic heterocyclylene
group; alternatively, a Cq to C, arylene group or a C4to C,
substituted arylene group; alternatively, a C; to C,, het-
eroarylene group or a C; to C,, substituted heteroarylene
group; alternatively, a C, to C, 5 alkylene group; alternatively,
a C, to C,, cycloalkylene group; alternatively, a C, to C,
substituted cycloalkylene group; alternatively, a C; to C,,
aliphatic heterocyclylene group; alternatively, a C; to C,,
substituted aliphatic heterocyclylene group; alternatively, a
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C¢ 1o C,, arylene group; alternatively, a C to C,, substituted
arylene group; alternatively, a C; to C,, heteroarylene group;
or alternatively, a C; to C, substituted heteroarylene group.
In other embodiments, L' be a C, to C,, alkylene group, a C,
to C, 5 cycloalkylene group, a C, to C, 5 substituted cycloalky-
lene group, a C; to C, 5 aliphatic heterocyclylene group, a C,
to C, 5 substituted aliphatic heterocyclylene group, aC,to C, 5
arylene group, a C, to C, 5 substituted arylene group, a C; to
C,5 heteroarylene group, or a C; to C, substituted het-
eroarylene group; alternatively, a C, to C,, alkylene group, a
C, to C,5 cycloalkylene group, a C, to C,5 substituted
cycloalkylene group, a Csto C, 5 arylene group,oraCgto C 5
substituted arylene group; alternatively, a C, to C,;
cycloalkylene group or a C, to C, 5 substituted cycloalkylene
group; alternatively, a C; to C, 5 aliphatic heterocyclylene
group or a C; to C, 5 substituted aliphatic heterocyclylene
group; alternatively, a Cg to C, 5 arylene group ora Cgto C 5
substituted arylene group; alternatively, a C; to C,5 het-
eroarylene group or a C; to C, 5 substituted heteroarylene
group; alternatively, a C, to C,, alkylene group; alternatively,
a C, to C, cycloalkylene group; alternatively, a C, to C, 5
substituted cycloalkylene group; alternatively, a C; to C,;
aliphatic heterocyclylene group; alternatively, a C; to C,5
substituted aliphatic heterocyclylene group; alternatively, a
C¢ to C, 5 arylene group; alternatively, a C, to C, 5 substituted
arylene group; alternatively, a C; to C, 5 heteroarylene group;
or alternatively, a C; to C, 5 substituted heteroarylene group.
In further embodiments, I.! can be a C, to C; alkylene group.

In an embodiment, L' can be a methylene group, an ethyl-
ene group, a propylene group, a butylene group, a pentylene
group, a hexylene group, a heptylene group, an octylene
group, a nonylene group, a decylene group, a undecylene
group, a dodecylene group, a tridecylene group, a tetrade-
cylene group, a pentadecylene group, a hexadecylene group,
a heptadecylene group, an octadecylene group, or a nonade-
cylene group; or alternatively, a methylene group, an ethylene
group, a propylene group, a butylene group, a pentylene
group, a hexylene group, a heptylene group, an octylene
group, a nonylene group, a decylene group. In some embodi-
ments, L' can be a methylene group, an ethylene group, a
propylene group, a butylene group, or a pentylene group. In
other embodiments, L' can be a methylene group; alterna-
tively, an ethylene group; alternatively, a propylene group;
alternatively, a butylene group; alternatively, a pentylene
group; alternatively, a hexylene group; alternatively, a hepty-
lene group; alternatively, an octylene group; alternatively, a
nonylene group; alternatively, a decylene group; alterna-
tively, a undecylene group; alternatively, a dodecylene group;
alternatively, a tridecylene group; alternatively, a tetrade-
cylene group; alternatively, a pentadecylene group; alterna-
tively, a hexadecylene group; alternatively, a heptadecylene
group; alternatively, an octadecylene group; or alternatively, a
nonadecylene group. In some embodiments, L' can be a eth-
1,2-ylene group, a prop-1,3-ylene group, a but-1,4-ylene
group, a but-2,3-ylene group, a pent-1,5-ylene group, a 2,2-
dimethylprop-1,3-ylene group, a hex-1,6-ylene group, or a
2,3-dimethylbut-2,3-ylene group; alternatively, a eth-1,2-
ylene group, a prop-1,3-ylene group, a but-1,4-ylene group, a
pent-1,5-ylene group, or a hex-1,6-ylene group; alternatively,
a eth-1,2-ylene group; alternatively, a prop-1,3-ylene group;
alternatively, a but-1,4-ylene group; alternatively, a but-2,3-
ylene group; alternatively, a pent-1,5-ylene group; alterna-
tively, a 2,2-dimethylprop-1,3-ylene group; alternatively, a
hex-1,6-ylene group; or alternatively, a 2,3-dimethyl-but-2,
3-ylene group. In some embodiments, the alkylene groups
which can be utilized as L' can be substituted. Each substitu-
ent of a substituted alkylene group independently can be a
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halogen or a hydrocarboxy group; alternatively, a halogen; or
alternatively, a hydrocarboxy group. Halogens and hydrocar-
boxy groups that can be utilized as substituents are indepen-
dently disclosed herein (e.g. as substituents for substituted R
groups) and can be utilized without limitation to further
describe the substituted alkylene group which can be utilized
as L.

In an aspect, L' can have the formula —CR'“R**
(CH,),CR?>*R**— wherein each R'%, R?%, R*%, and R** inde-
pendently can be a hydrogen, a halogen, a C, to Cs alkyl
group, or a C, to Cy alkoxy group and t can be zero or an
integer ranging from 1 to 28. In an embodiment, R'%, R>*,
R??, and R* independently can be hydrogen, a halogen, and
a C, to C, alkyl group; alternatively, hydrogen, a halogen, or
a C, to Cy alkoxy group; alternatively, hydrogen, a C, to Cy
alkyl group, or a C, to C, alkoxy group; alternatively, hydro-
gen or a halogen; alternatively, hydrogen or a C, to Cy alkyl
group; alternatively, hydrogen or a C, to Cy alkoxy group;
alternatively, hydrogen; or alternatively, a C, to Cs alkyl
group. In an embodiment, t can be an integer ranging from 1
to 18; alternatively, 1 to 13; alternatively, 1 to 8; or alterna-
tively, 1 to 3. In other embodiments, t can be zero. Halogens,
C, to C, alkyl groups, and C, to C, alkoxy groups that can be
utilized as substitutents are independently described herein
and can be utilized, without limitation, to further describe L*
having the formula —CR'“R?**(CH,), CR**R**—. In another
aspect, L' may have the formula—(CH,),— wherein s can be
aninteger ranging from 1 to 30. Inan embodiment, s can be an
integer ranging from 1 to 20; alternatively, 1 to 15; alterna-
tively, 1 to 10; or alternatively, 1 to 5.

Inanaspect, L' canbe any L' group described herein (or D*
can be any D' group described herein) wherein one or more
carbon atoms of L attached to the N* nitrogen atom of the
NZ2-phosphinyl amidine group (one or more carbon atoms of
D! attached to the N* nitrogen atom of the N2-phosphinyl
amidine group) can be a tertiary carbon atom or a quaternary
carbon atom; alternatively, a tertiary carbon atom; or alterna-
tively, a quaternary carbon atom. In an embodiment, each
carbon atom of L' attached to the N' nitrogen atom of the
N2-phosphinyl amidine group (or each carbon atom of D*
attached to the N* nitrogen atom of the N*-phosphiny] ami-
dine group) can be a tertiary carbon atom or a quaternary
carbon atom; alternatively, a tertiary carbon atom; or alterna-
tively, a quaternary carbon atom.

In an embodiment, L' can be a cyclobutylene group, a
substituted cyclobutylene group, a cyclopentylene group, a
substituted cyclopentylene group, a cyclohexylene group, a
substituted cyclohexylene group, a cycloheptylene group, a
substituted cycloheptylene group, a cyclooctylene group, ora
substituted cyclooctylene group. In some embodiments, L'
can be a cyclopentylene group, a substituted cyclopentylene
group, a cyclohexylene group, a substituted cyclohexylene
group. In other embodiments, L' can be a cyclobutylene
group or a substituted cyclobutylene group; alternatively, a
cyclopentylene group or a substituted cyclopentylene group;
alternatively, a cyclohexylene group or a substituted cyclo-
hexylene group; alternatively, a cycloheptylene group or a
substituted cycloheptylene group; or alternatively, a cyclooc-
tylene group, or a substituted cyclooctylene group. In further
embodiments, L' can be a cyclopentylene group; alterna-
tively, a substituted cyclopentylene group; a cyclohexylene
group; or alternatively, a substituted cyclohexylene group.

In an embodiment, L' can be a cyclopent-1,3-ylene group,
a substituted cyclopent-1,3-ylene group, a cyclohex-1,3-
ylene group, a substituted cyclohex-1,3-ylene group, a cyclo-
hex-1,4-ylene group, or a substituted cyclohex-1,4-ylene
group; alternatively, a cyclopent-1,3-ylene group, a cyclohex-
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1,3-ylene group, or a cyclohex-1,4-ylene group. In some
embodiments, L' can be a cyclopent-1,3-ylene group or a
substituted cyclopent-1,3-ylene group; alternatively, a cyclo-
hex-1,3-ylene group, a substituted cyclohex-1,3-ylene group,
a cyclohex-1,4-ylene group, or a substituted cyclohex-1,4-
ylene group; alternatively, a cyclohex-1,3-ylene group or a
substituted cyclohex-1,3-ylene group; alternatively, a cyclo-
hex-1,4-ylene group or a substituted cyclohex-1,4-ylene
group; alternatively, a cyclopent-1,3-ylene group, a cyclohex-
1,3-ylene group, or a cyclohex-1,4-ylene group; or alterna-
tively, a substituted cyclopent-1,3-ylene group, a substituted
cyclohex-1,3-ylene group, or a substituted cyclohex-1,4-
ylene group. In other embodiments, L' can be a cyclopent-1,
3-ylene group; alternatively, a substituted cyclopent-1,3-
ylene group; alternatively, a cyclohex-1,3-ylene group;
alternatively, a substituted cyclohex-1,3-ylene group; alter-
natively, a cyclohex-1,4-ylene group; or alternatively, a sub-
stituted cyclohex-1,4-ylene group.

In a non-limiting embodiment, L' can be a 2-substituted
cyclopen-1,3-ylene group, a 4,5-disubstituted cyclopen-1,3-
ylene group, a 2,5-disubstituted cyclopen-1,3-ylene group, or
a 2,4,5-trisubstituted cyclopen-1,3-ylene group. In some
embodiments, L' can be a 2-substituted cyclopen-1,3-ylene
group; alternatively, a 4,5-disubstituted cyclopen-1,3-ylene
group; alternatively, a 2,5-disubstituted cyclopen-1,3-ylene
group; alternatively, a 2,4,5-trisubstituted cyclopen-1,3-
ylene group. In another non-limiting embodiment, L' can be
a 2,6-disubstituted cyclohex-1,4-ylene group, a 2,3-disubsti-
tuted cyclohex-1,4-ylene group, a 2,5-disubstituted cyclo-
hex-1,4-ylene group, or a 2,3,5,6-tetrasubstituted cyclohex-
1,4-ylene group. In some embodiments, L' can be a 2,6-
disubstituted cyclohex-1,4-ylene group or a 2,5-disubstituted
cyclohex-1,4-ylene group; alternatively, a 2,6-disubstituted
cyclohex-1,4-ylene group; alternatively, a 2,3-disubstituted
cyclohex-1,4-ylene group; alternatively, a 2,5-disubstituted
cyclohex-1,4-ylene group; or alternatively, a 2,3,5,6-tetra-
substituted cyclohex-1,4-ylene group. In yet another non-
limiting embodiment, L' can be a 2-substituted cyclohex-1,
3-ylene group, a 2,4-disubstituted cyclohex-1,3-ylene group,
a 4,6-disubstituted cyclohex-1,3-ylene group, or a 2,4,6-
trisubstituted cyclohex-1,3-ylene group. In a further non-lim-
iting embodiment, L' can be a 2-substituted cyclohex-1,3-
ylene group; alternatively, a 2,4-disubstituted cyclohex-1,3-
ylene group; alternatively, a 4,6-disubstituted cyclohex-1,3-
ylene group; or alternatively, a 2,4,6-trisubstituted cyclohex-
1,3-ylene group.

In an aspect, L' can be a bicyclylene group, a substituted
bicyclylene group, a bis(cyclylene)methane group, a substi-
tuted bis(cyclylene)methane group, a bis(cyclylene)ethane
group, or a substituted bis(cyclylene)ethane group; alterna-
tively, a bicyclylene group, a bis(cyclylene)methane group, or
a bis(cyclylene)ethane group; or alternatively, a substituted
bicyclylene group, a substituted bis(cyclylene)methane
group, or a substituted bis(cyclylene)ethane group. In an
embodiment, L' can be a bicyclylene group or a substituted
bicyclylene group; alternatively, a bis(cyclylene)methane
group or a substituted bis(cyclylene)methane group; or alter-
natively, a bis(cyclylene)ethane group or a substituted bis
(cyclylene)ethane group. In some embodiments, L' can be a
bicyclylene group; alternatively, a substituted bicyclylene
group; alternatively, a bis(cyclylene)methane group; alterna-
tively, a substituted bis(cyclylene)methane group; alterna-
tively, a bis(cyclylene)ethane group; or alternatively, a sub-
stituted bis(cyclylene)ethane group. Generally, any bis
(cyclylene)ethane group disclosed herein (substituted or
unsubstituted) can be a bis-1,1-(cyclylene)ethane group or a
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bis-1,2-(cyclylene)ethane group; alternatively, a bis-1,1-(cy-
clylene)ethane group; or alternatively, a bis-1,2-(cyclylene)
ethane group.

In an aspect, L' can be a bicyclohexylene group, a substi-
tuted bicyclohexylene group, a bis(cyclohexylene)methane
group, a substituted bis(cyclohexylene)methane group, a bis
(cyclohexylene)ethane group, or a substituted bis(cyclohexy-
lene)ethane group; alternatively, a bicyclohexylene group, a
bis(cyclohexylene)methane group, or a bis(cyclohexylene)
ethane group; or alternatively, a substituted bicyclohexylene
group, a substituted bis(cyclohexylene)methane group, or a
substituted bis(cyclohexylene)ethane group. In an embodi-
ment, L' can be a bicyclohexylene group or a substituted
bicyclohexylene group; alternatively, a bis(cyclohexylene)
methane group or a substituted bis(cyclohexylene)methane
group; or alternatively, a bis(cyclohexylene)ethane group or a
substituted bis(cyclohexylene)ethane group. In some
embodiments, L' can be a bicyclohexylene group; alterna-
tively, a substituted bicyclohexylene group; alternatively, a
bis(cyclohexylene)methane group; alternatively, a substi-
tuted bis(cyclohexylene)methane group; alternatively, a bis
(cyclohexylene)ethane group; or alternatively, a substituted
bis(cyclohexylene)ethane group. Generally, any bis(cyclo-
hexylene)ethane group disclosed herein (substituted or
unsubstituted) can be a bis-1,1-(cyclohexylene)ethane group
orabis-1,2-(cyclohexylene)ethane group; alternatively, a bis-
1,1-(cyclohexylene)ethane group; or alternatively, a bis-1,2-
(cyclohexylene)ethane group.

In an embodiment, L' can be a bicyclohex-4,4'-ylene
group, a 3,3'-disubstituted bicyclohex-4,4'-ylene group, a
3,3',5,5'-tetrasubstitutedbicyclohex-4,4'-ylene group, a bis
(cyclohex-4-ylene) group, a bis(3-substituted cyclohex-4-
ylene)methane group, a bis(3,5-disubstituted cyclohex-4-
ylene)methane group, a bis-1,2-(cyclohex-4-ylene)ethane
group, a bis-1,2-(3-substituted cyclohex-4-ylene)ethane
group, a bis-1,2-(3,5-disubstituted cyclohex-4-ylene)ethane
group. In some embodiments, L' can be a bicyclohex-4,4'-
ylene group, 3,3'-disubstituted bicyclohex-4,4'-ylene group
or a 3,355 -tetrasubstitutedbicyclohex-4,4'-ylene group;
alternatively, a bis(cyclohex-4-ylene)methane group, a bis(3-
substituted cyclohex-4-ylene)methane group or a bis(3,5-dis-
ubstituted cyclohex-4-ylene)methane group; alternatively, a
bis-1,2-(cyclohex-4-ylene)ethane group, a bis-1,2-(3-substi-
tuted cyclohex-4-ylene)ethane group or a bis-1,2-(3,5-disub-
stituted cyclohex-4-ylene)ethane group. In other embodi-
ments, L' can be a bicyclohex-4,4'-ylene group; alternatively,
a 3,3'-disubstituted bicyclohex-4,4'-ylene group; alterna-
tively, a  3,3'.5,5-tetrasubstitutedbicyclohex-4,4'-ylene
group; alternatively, a bis(cyclohex-4-ylene)methane group;
alternatively, a bis(3-substituted cyclohex-4-ylene)methane
group; alternatively, a bis(3,5-disubstituted cyclohex-4-
ylene)methane group; alternatively, a bis-1,2-(cyclohex-4-
ylene)ethane group; alternatively, a bis-1,2-(3-substituted
cyclohex-4-ylene)ethane group; or alternatively, a bis-1,2-(3,
S-disubstituted cyclohex-4-ylene)ethane group.

In an aspect, L' can be a phenylene group or a substituted
phenylene group. In an embodiment, L' can be a phenylene
group; or alternatively, a substituted phenylene group. In
some embodiments, L' can be a phen-1,2-ylene group or a
substituted phen-1,2-ylene group; alternatively, a phen-1,2-
ylene group; or alternatively, a substituted phen-1,2-ylene
group. In other embodiments, L' can be a phen-1,3-ylene
group or a substituted phen-1,3-ylene group; alternatively, a
phen-1,3-ylene group; or alternatively, a substituted phen-1,
3-ylene group. In yet other embodiments, L' can be a phen-
1,4-ylene group or a substituted phen-1,4-ylene group; alter-
natively, a phen-1,4-ylene group; or alternatively, a

10

15

20

25

30

35

40

45

50

55

60

65

78

substituted phen-1,4-ylene group. In further embodiments,
L' can be a phen-1,2-ylene group, a phen-1,3-ylene group, or
aphen-1,4-ylene group; alternatively, a phen-1,3-ylene group
or a phen-1,4-ylene group. In other embodiments, L' canbea
substituted phen-1,2-ylene group, a substituted phen-1,3-
ylene group, or a substituted phen-1,4-ylene group; alterna-
tively, a substituted phen-1,3-ylene group or a substituted
phen-1.,4-ylene group.

In a non-limiting embodiment, L* can be a 2,6-disubsti-
tuted phen-1,4-ylene group, a 2,3-disubstituted phen-1,4-
ylene group, a 2,5-disubstituted phen-1,4-ylene group, or a
2,3,5,6-tetrasubstituted phen-1,4-ylene group. In some
embodiments, L' can be a 2,6-disubstituted phen-1,4-ylene
group or a 2,5-disubstituted phen-1,4-ylene group; alterna-
tively, a 2,6-disubstituted phen-1,4-ylene group; alterna-
tively, a 2,3-disubstituted phen-1,4-ylene group; alterna-
tively, a 2,5-disubstituted phen-1,4-ylene group; or
alternatively, a 2,3,5,6-tetrasubstituted phen-1,4-ylene group.
In yet another non-limiting embodiment, L' can be a 2-sub-
stituted phen-1,3-ylene group, a 2,4-disubstituted phen-1,3-
ylene group, a 4,6-disubstituted phen-1,3-ylene group, or a
2,4,6-trisubstituted phen-1,3-ylene group. In a further non-
limiting embodiment, L' can be a 2-substituted phen-1,3-
ylene group; alternatively, a 2,4-disubstituted phen-1,3-ylene
group; alternatively, a 4,6-disubstituted phen-1,3-ylene
group; or alternatively, a 2,4,6-trisubstituted phen-1,3-ylene
group.

Inan aspect, L' can be a naphthylene group or a substituted
naphthylene group. In an embodiment, L' can be a naphthyl-
ene group; or alternatively, a substituted naphthylene group.
In some embodiments, L' can be a naphth-1,3-ylene group, a
substituted naphth-1,3-ylene group, a naphth-1,4-ylene
group, a substituted naphth-1,4-ylene group, a naphth-1,5-
ylene group, a substituted naphth-1,5-ylene group, a naphth-
1,6-ylene group, a substituted naphth-1,6-ylene group, a
naphth-1,7-ylene group, a substituted naphth-1,7-ylene
group, a naphth-1,8-ylene group, or a substituted naphth-1,
8-ylene group. In other embodiments, L' can be a naphth-1,
3-ylene group or a substituted naphth-1,3-ylene group; alter-
natively, a naphth-1,4-ylene group or a substituted naphth-1,
4-ylene group; alternatively, a naphth-1,5-ylene group or a
substituted naphth-1,5-ylene group; alternatively, a naphth-
1,6-ylene group or a substituted naphth-1,6-ylene group;
alternatively, a naphth-1,7-ylene group or a substituted
naphth-1,7-ylene group; or alternatively, a naphth-1,8-ylene
group or a substituted naphth-1,8-ylene group. In yet other
embodiments, L' can be a naphth-1,3-ylene group; alterna-
tively, a substituted naphth-1,3-ylene group; alternatively, a
naphth-1,4-ylene group; alternatively, a substituted naphth-
1,4-ylene group; alternatively, a naphth-1,5-ylene group;
alternatively, a substituted naphth-1,5-ylene group; alterna-
tively, a naphth-1,6-ylene group; alternatively, a substituted
naphth-1,6-ylene group; alternatively, a naphth-1,7-ylene
group; alternatively, a substituted naphth-1,7-ylene group;
alternatively, a naphth-1,8-ylene group; or alternatively, a
substituted naphth-1,8-ylene group.

In an aspect, L' can be a biphenylene group, a substituted
biphenylene group, a bis(phenylene)methane group, a substi-
tuted bis(phenylene)methane group, a bis(phenylene)ethane
group, or a substituted bis(phenylene)ethane group; alterna-
tively, a biphenylene group, a bis(phenylene)methane group,
or a bis(phenylene)ethane group; or alternatively, a substi-
tuted biphenylene group, a substituted bis(phenylene)meth-
ane group, or a substituted bis(phenylene)ethane group. In an
embodiment, L' can be a biphenylene group or a substituted
biphenylene group; alternatively, bis(phenylene)methane
group or a substituted bis(phenylene)methane group; or alter-
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natively, a bis(phenylene)ethane group or a substituted bis
(phenylene)ethane group. In some embodiments, L' can be a
biphenylene group; alternatively, a substituted biphenylene
group; alternatively, a bis(phenylene)methane group; alterna-
tively, a substituted bis(phenylene)methane group; alterna-
tively, a bis(phenylene)ethane group; or alternatively, a sub-
stituted bis(phenylene)ethane group. Generally, any bis
(phenylene)ethane group disclosed herein (substituted or
unsubstituted) can be a bis-1,1-(phenylene)ethane group or a
bis-1,2-(phenylene)ethane group; alternatively, a bis-1,1-
(phenylene)ethane group; or alternatively, a bis-1,2-(phe-
nylene)ethane group.

In an embodiment, L' can be a biphen-2-ylene group, a
substituted biphen-2-ylene group, a biphen-3-ylene group, a
substituted biphen-3-ylene group, a biphen-4-ylene group, or
a substituted biphen-4-ylene group; or alternatively, a biphen-
3-ylene group, a substituted biphen-3-ylene group, a biphen-
4-ylene group, or a substituted biphen-4-ylene group. Insome
embodiments, L' can be a biphen-2-ylene group or a substi-
tuted biphen-2-ylene group; alternatively, a biphen-3-ylene
group or a substituted biphen-3-ylene group; or alternatively,
a biphen-4-ylene group or a substituted biphen-4-ylene
group. In other embodiments, L' can be a biphen-2-ylene
group; alternatively, a substituted biphen-2-ylene group;
alternatively, a biphen-3-ylene group; alternatively, a substi-
tuted biphen-3-ylene group; alternatively, biphen-4-ylene
group; or alternatively, a substituted biphen-4-ylene group.

In an embodiment, L' can be a bis(phen-2-ylene)methane
group, a substituted bis(phen-2-ylene)methane group, a bis
(phen-3-ylene)methane group, a substituted bis(phen-3-
ylene)methane group, a bis(phen-4-ylene)methane group, or
a substituted bis(phen-4-ylene)methane group; or alterna-
tively, a bis(phen-3-ylene)methane group, a substituted bis
(phen-3-ylene)methane group, a bis(phen-4-ylene)methane
group, or a substituted bis(phen-4-ylene)methane group. In
some embodiments, L' can be a bis(phen-2-ylene)methane
group or a substituted bis(phen-2-ylene)methane group;
alternatively, a bis(phen-3-ylene)methane group or a substi-
tuted bis(phen-3-ylene)methane group; or alternatively, a bis
(phen-4-ylene)methane group or a substituted bis(phen-4-
ylene)methane group. In other embodiments, L' can be a
bis(phen-2-ylene)methane group; alternatively, a substituted
bis(phen-2-ylene)methane group; alternatively, a bis(phen-3-
ylene)methane group; alternatively, a substituted bis(phen-3-
ylene)methane group; alternatively, a bis(phen-4-ylene)
methane group; or alternatively, a substituted bis(phen-4-
ylene)methane group.

In an embodiment, L' can be a bis(phen-2-ylene)ethane
group, a substituted bis(phen-2-ylene)ethane group, a bis
(phen-3-ylene)ethane group, a substituted bis(phen-3-ylene)
ethane group, a bis(phen-4-ylene)ethane group, or a substi-
tuted bis(phen-4-ylene)ethane group; or alternatively, a bis
(phen-3-ylene)ethane group, a substituted bis(phen-3-ylene)
ethane group, a bis(phen-4-ylene)ethane group, or a
substituted bis(phen-4-ylene)ethane group. In some embodi-
ments, L' can be a bis(phen-2-ylene)ethane group or a sub-
stituted bis(phen-2-ylene)ethane group; alternatively, a bis
(phen-3-ylene)ethane group or a substituted bis(phen-3-
ylene)ethane group; or alternatively, a bis(phen-4-ylene)
ethane group or a substituted bis(phen-4-ylene)ethane group.
In other embodiments, L' can be a bis(phen-2-ylene)ethane
group; alternatively, a substituted bis(phen-2-ylene)ethane
group; alternatively, a bis(phen-3-ylene)ethane group; alter-
natively, a substituted bis(phen-3-ylene)ethane group; alter-
natively, a bis(phen-4-ylene)ethane group; or alternatively, a
substituted bis(phen-4-ylene)ethane group. Generally, any
bis(phenylene)ethane group disclosed herein (substituted or
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unsubstituted) may be a bis-1,1-(phenylene)ethane group or a
bis-1,2-(phenylene)ethane group; alternatively, a bis-1,1-
(phenylene)ethane group; or alternatively, a bis-1,2-(phe-
nylene)ethane group.

In an embodiment, L' can be a 3,3'-disubstituted biphen-
4.4'-ylene group, a 3,3',5,5'-tetrasubstitutedbiphen-4,4'-ylene
group, a bis(3-substituted phen-4-ylene)methane group, a bis
(3,5-disubstituted phen-4-ylene)methane group, a bis-1,2-(3-
substituted phen-4-ylene)ethane group, a bis-1,2-(3,5-disub-
stituted phen-4-ylene)ethane group. In some embodiments,
L' can be a 3,3-disubstituted biphen-4,4'-ylene group or a
3,3'5,5'-tetrasubstitutedbiphen-4,4'-ylene group; alterna-
tively, a bis(3-substituted phen-4-ylene)methane group or a
bis(3,5-disubstituted phen-4-ylene)methane group; alterna-
tively, a bis-1,2-(3-substituted phen-4-ylene)ethane group or
a bis-1,2-(3,5-disubstituted phen-4-ylene)ethane group. In
other embodiments, L' can be a 3,3'-disubstituted biphen-4,
4'-ylene group; alternatively, 3,3',5,5'-tetrasubstitutedbiphen-
4.4'-ylene group; alternatively, a bis(3-substituted phen-4-
ylene)methane group; alternatively, a bis(3,5-disubstituted
phen-4-ylene)methane group; alternatively, a bis-1,2-(3-sub-
stituted phen-4-ylene)ethane group; or alternatively, a bis-1,
2-(3,5-disubstituted phen-4-ylene)ethane group.

In an embodiment, L' can be a di(methylene)cycloalkane
group or a substituted di(methylene)cycloalkane group; alter-
natively, a di(methylene)cycloalkane group. The cycloalkane
group of the di(methylene)cycloalkane group can be cyclobu-
tane group, a substituted cyclobutane group, a cyclopentane
group, a substituted cyclopentane group, a cyclohexane
group, a substituted cyclohexane group, a cycloheptane
group, a substituted cycloheptane group, a cyclooctane
group, or a substituted cyclooctane group; alternatively, a
cyclopentane group, a substituted cyclopentane group, a
cyclohexane group, or a substituted cyclohexane group; alter-
natively, a cyclobutane group or a substituted cyclobutane
group; alternatively, a cyclopentane group or a substituted
cyclopentane group; alternatively, a cyclohexane group or a
substituted cyclohexane group; alternatively, a cycloheptane
group or a substituted cycloheptane group; or alternatively, a
cyclooctane group, or a substituted cyclooctane group. In
some embodiments, the cycloalkane group of the di(methyl-
ene)cycloalkane group can be cyclobutane group, acyclopen-
tane group, a cyclohexane group, a cycloheptane group or a
cyclooctane group; or alternatively, a cyclopentane group or a
cyclohexane group. In other embodiments, the cycloalkane
group of the di(methylene)cycloalkane group can be cyclo-
pentane group; alternatively, a substituted cyclopentane
group; a cyclohexane group; or alternatively, a substituted
cyclohexane group.

Inanembodiment, L' can be a 1,3-di(methylene)cyclopen-
tane group, a substituted 1,3-di(methylene)cyclopentane
group, a 1,3-di(methylene)cyclohexane group, a substituted
1,3-di(methylene)cyclohexane group, a 1,4-di(methylene)
cyclohexane group, or a substituted 1,4-di(methylene)cyclo-
hexane group; alternatively, 1,3-di(methylene)cyclopentane
group, a 1,3-di(methylene)cyclohexane group, or a 1,4-di
(methylene)cyclohexane group. In some embodiments, L'
can be a 1,3-di(methylene)cyclopentane group or a substi-
tuted 1,3-di(methylene)cyclopentane group; alternatively, a
1,3-di(methylene)cyclohexane group, a substituted 1,3-di
(methylene)cyclohexane group, a 1,4-di(methylene)cyclo-
hexane group, or a substituted 1,4-di(methylene)cyclohexane
group; alternatively, a 1,3-di(methylene)cyclohexane group
or a substituted 1,3-di(methylene)cyclohexane group; alter-
natively, a 1,4-di(methylene)cyclohexane group or a substi-
tuted 1,4-di(methylene)cyclohexane group; alternatively,



US 9,283,555 B2

81
1,3-di(methylene)cyclopentane group; alternatively, a 1,3-di
(methylene)cyclohexane group; or alternatively, a 1,4-di(me-
thylene)cyclohexane group.

In an aspect, L' can be a di(methylene)benzene group or a
substituted di(methylene)benzene group; alternatively, a
di(methylene) benzene group. In an embodiment, L' can be a
1,2-di(methylene)benzene group, a substituted 1,2-di(meth-
ylene)benzene group, a 1,3-di(methylene)benzene group, a
substituted 1,3-di(methylene)benzene group, a 1,4-di(meth-
ylene)benzene group, or a substituted 1,4-di(methylene)ben-
zene group; alternatively, a 1,2-di(methylene)benzene group,
a 1,3-di(methylene)benzene group, or a 1,4-di(methylene)
benzene group. In some embodiments, L' can be a 1,2-di
(methylene)benzene group or a substituted 1,2-di(methylene)
benzene group; alternatively, a 1,3-di(methylene)benzene
group or a substituted 1,3-di(methylene)benzene group;
alternatively, a 1,4-di(methylene)benzene group or a substi-
tuted 1,4-di(methylene)benzene group; alternatively, a 1,2-di
(methylene)benzene group; alternatively, a 1,3-di(methyl-
ene)benzene group; or alternatively, a 1,4-di(methylene)
benzene group.

In an embodiment, each substituent for any substituted L*
group (general or specific) independently can be a halogen, a
hydrocarbyl group, or a hydrocarboxy group; alternatively, a
halogen or a hydrocarbyl group; alternatively, a hydrocarbyl
group or a hydrocarboxy group; alternatively, a halogen;
alternatively, a hydrocarbyl group; or alternatively, a hydro-
carboxy group. In some embodiments, each substituent for
any substituted L' group (general or specific) independently
can be a halogen, an alkyl group, or an alkoxy group; alter-
natively, a halogen or an alkyl group; alternatively, an alkyl
group or an alkoxy group; alternatively, a halogen; alterna-
tively, an alkyl group; or alternatively, alkoxy group. Halo-
gens, hydrocarbyl groups, hydrocarboxy groups, alkyl group,
and alkoxy groups that can be utilized as substituents are
independently disclosed herein (e.g. as substituents for sub-
stituted R* groups) and can be utilized without limitation to
further describe a substituted L' group.

In an aspect, L' can have any Structure in Table 1. In an
embodiment, L' can have Structure 1L, 2L, 3L, 4L, 5L, 6L, or
7L; or alternatively, 8L, 9L, 10L, 11L, 121, 131, or 14L.. In
some embodiments, L* can have Structure 1L, 2L, or 3L;
alternatively, Structure 4L, 5L, 6L, or 7L; alternatively, Struc-
ture 8L, 9L, or 10L; or alternatively, Structure 111, 121, 13L,,
or 14L. In other embodiments, L' can have Structure 2L or
3L; alternatively, Structure 9L or 10L; alternatively, Structure
4L or 5L; alternatively, Structure 61, or 7L; or alternatively,
Structure 11L or 12L; or alternatively, Structure 131 or 14L.
In further embodiments, L' can have Structure 1L; alterna-
tively, Structure 2L; alternatively, Structure 3L ; alternatively,
Structure 41; alternatively, Structure 5L; alternatively, Struc-
ture 6L; alternatively, Structure 7L; alternatively, Structure
8L; alternatively, Structure 9L; alternatively, Structure 10L;
alternatively, Structure 11L; alternatively, Structure 12L;
alternatively, Structure 13L; or alternatively, Structure 14L.

TABLE 1

Linking groups, L! or L? for N?>-phosphinyl amidine compounds having
Structure NP2, NP3, NP4, or NP5.

Structure 1L

R4L R3L

ROL RIOL
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TABLE 1-continued

Linking groups, L! or L? for N?>-phosphinyl amidine compounds having
Structure NP2, NP3, NP4, or NP5.

#  RZBL Structure 2L
Structure 3L
RYE «
R48L 51L
RY9L RSOL
'\ R23L R2L R2L - R2L R22L R3S Structure 4L
RZL -
R26L R26L
roe R R30L RO , 5”’
R
41L 41r .
R st qaar R RO gorr st R Structure 5L
REL REL
* RS .
RASL RN 4 RYTL
RYIL R R "
21L 21
ZSL* RZL R22L R R R22L R23L * Structure 6L
R
Structure 7L
RO * Structure 8L
R4 "
RSSL R66L
K R72L Structure 9L
R7L "
R7SL R76L
R¥L R82L Structure 10L
* *

RSSL

RSGL
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TABLE 1-continued

Linking groups, L' or L2 for N>-phosphinyl amidine compounds having
Structure NP2, NP3, NP4, or NP5.

R72L R2L Structure 11L
O O
R75L R76L R RS
RS3L R82L R&L RS Structure 121
* *
RSSL RS6L RS RS
* R72L R72L Structure 131
R4 ‘Qi La ‘@7 R74
R75L R76L RS RS
RS3L R82L R&L RS Structure 141
* AQi i ‘Qi *
RSSL RS6L RS RS

In an embodiment, L within L' Structures 6L, 7L, 13L, or
14L can be —(CR*R%), — where each R independently can
be hydrogen, a methyl group, an ethyl group, a propyl group,
an isopropyl group, or a butyl group and m can be an integer
from 1 to 5. In an embodiment, L? within L' Structures 6L,
7L, 13L, or 14Lcan be —CR*R*(CH,),,CR*R*— where each
R” independently can be hydrogen, a methyl group, an ethyl
group, a propyl gorup, an isopropyl group, or a butyl group
and n can be an integer from 0 to 3. In some embodiments,
each R independently can be hydrogen or a methyl group;
alternatively, hydrogen. In other embodiments, L.“ can be a
methylene group (—CH,—), an ethylene group
(—CH,CH,—), a propylene group (—CH,CH,CH,—), a
—CH(CH,)CH,— group, —C(CH,),— group, or a butylene
group (—CH,CH,CH,CH,—). In some non-limiting
embodiments, L. can be a methylene group (—CH,—), an
ethylene group (—CH,CH,—) or a —CH(CH;)CH,—
group; or alternatively, an ethylene group (—CH,CH,—), or
a—CH(CH,)CH,— group. Inyet other embodiments, L can
be a methylene group; alternatively, an ethylene group; alter-
natively, a propylene group; alternatively, a —CH(CH,)
CH,— group; or altematively, —C(CH;),— group.

Generally, within L' Structures 1L, 2L, 3L, 4L, 5L, 6L, 7L,
8L, 9L, 10L, 111, 121, 13L, or 14L, RlL R“L RzlL R31L
R21L R3 1z’ R41L RS lL R41L RSlL R62L R66L R72L R76L
R73 R76L R®L. R86L RE2L RS (When present in a indi-
cated structure) independently can be hydrogen, a halogen, a
hydrocarbyl group, or a hydrocarboxy group; alternatively,
hydrogen, a halogen, or a hydrocarbyl group; alternatively,
hydrogen, a halogen, or a hydrocarboxy group; alternatively,
hydrogen, a hydrocarbyl group, or a hydrocarboxy group;
alternatively, hydrogen or a halogen; alternatively, hydrogen
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or hydrocarbyl group; or alternatively, hydrogen or a hydro-
carboxy group. In an embodiment, R'*-R'%, R*MER3E
R21L R31L R41L RSlL R41L RSlL R62L R66L R72L R76L
R R76L, R®2E. R86L, R332 R86L , when present in any
1L-14L structure, independently can be hydrogen, a halogen,
an alkyl group, or an alkoxy group; alternatively, hydrogen, a
halogen, and an alkyl group; alternatively, hydrogen, a halo-
gen, or an alkoxy group; alternatively, hydrogen, an alkyl
group, or an alkoxy group; alternatively, hydrogen or a halo-
gen; alternatively, hydrogen or an alkyl group; or alterna-
tively, hydrogen or an alkoxy group. Halogens, hydrocarbyl
groups, hydrocarboxy groups, alkyl group, and alkoxy groups
that can be utilized as substituents are independently dis-
closed herein (e.g. as substituents for substituted R* groups)
and can be utilized without limitation to further describe L'
having any 11.-14L structure.

In an aspect, L' can have a formula (or structure) wherein
one or more carbon atom attached to the N* nitrogen atom of
the N2-phosphinyl amidine group can be a tertiary carbon
atom or a quaternary carbon atom; a tertiary carbon atom; or
alternatively, a quaternary carbon atom. In an embodiment,
L' can have a formula (or structure) wherein each carbon
atom attached to an N* nitrogen atom of the N?-phosphinyl
amidine group can be a tertiary carbon atom or a quaternary
carbon atom; alternatively, a tertiary carbon atom; or alterna-
tively, a quaternary carbon atom.

In an embodiment, when an N' nitrogen atom of the
N2-phosphinyl amidine group is attached to a ring atom of a
L' group (e.g., cycloalkylene, arylene, dicycloalkylene, dicy-
cloalkylenemethylene, diarylene, diarylenemethylene, a L*
having Structure 1L-14L, or any other L' group disclosed
herein), the L' group can comprise at least one substituent
located on a carbon atom adjacent to the ring carbon atom
attached to N* nitrogen atom of the N>-phosphinyl amidine
group; or alternatively, the L' group can comprise at least one
substituent at each carbon atom adjacent to the ring carbon
atom attached to N* nitrogen atom of the N2-phosphinyl ami-
dine group. In some embodiments, when the N nitrogen
atom of the N*-phosphinyl amidine group is attached to a ring
atom ofa L' group (e.g., cycloalkylene, arylene, dicycloalky-
lene, dicycloalkylenemethylene, diarylene, diarylenemethyl-
ene, a L' having Structure 1L-14L, or any other L' group
disclosed herein), the L' group can consist of one substituent
located on a carbon atom adjacent to the ring carbon atom
attached to N* nitrogen atom of the N?-phosphinyl amidine
group. In some embodiments, when the N* nitrogen atom of
the N*-phosphinyl amidine group is attached to aring atom of
a L' group (e.g., cycloalkylene, arylene, dicycloalkylene,
dicycloalkylenemethylene, diarylene, diarylenemethylene, a
L' having Structure 11-14L, or any other L' group disclosed
herein), the L' group can comprise only one substituent
located on carbon atom adjacent to the ring carbon atom
attached to N* nitrogen atom of the N*-phosphinyl amidine
group; or alternatively, the L' group can comprise, or consist
of, only one substituent located on each carbon atom adjacent
to the ring carbon atom attached to N* nitrogen atom of the
NZ2-phosphinyl amidine group.

In a non-limiting embodiment, L' can be a phen-1,4-ylene
group, a 2,6-dimethylphen-1,4-ylene group, a 2,6-dieth-
ylphen-1,4-ylene group, a 2,6-diisopropyl phen-1,4-ylene
group, a 2,6-di-tert-butylphen-1,4-ylene group, a 2,5-dimeth-
ylphen-1,4-ylene group, a 2,5-diethylphen-1,4-ylene group, a
2,5-diisopropylphen-1,4-ylene group, a 2,5-di-tert-bu-
tylphen-1,4-ylene group, or a 2,3,5,6-tetramethylphen-1,4-
ylene group. In other non-limiting embodiments, L' can be a
phen-1.,4-ylene group, a 2,6-dimethylphen-1,4-ylene group, a
2,6-diethylphen-1,4-ylene group, a 2,6-diisopropyl phen-1,4-
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ylene group, or a 2,6-di-tert-butylphen-1,4-ylene group; or
alternatively, a 2,5-dimethylphen-1,4-ylene group, a 2,5-di-
ethylphen-1,4-ylene group, a 2,5-diisopropylphen-1,4-ylene
group, or a 2,5-di-tert-butylphen-1,4-ylene group. In yet fur-
ther non-limiting embodiments, L' can be a phen-1,4-ylene
group; alternatively, a 2,6-dimethylphen-1,4-ylene group;
alternatively, a 2,6-diethylphen-1,4-ylene group; alterna-
tively, a 2,6-diisopropyl phen-1,4-ylene group; alternatively,
a 2,6-di-tert-butylphen-1,4-ylene group; alternatively, a 2,5-
dimethylphen-1,4-ylene group; alternatively, a 2,5-dieth-
ylphen-1,4-ylene group; alternatively, a 2,5-diisopropy-
Iphen-1,4-ylene group; alternatively, a 2,5-di-tert-butylphen-
1,4-ylene group; or alternatively, a 2,3,5,6-tetramethylphen-
1,4-ylene group.

In a non-limiting embodiment, L' can be a 3,3"-dimethyl-
biphen-4,4'-ylene  group, 3,3'-diethylbiphen-4,4'-ylene
group, a 3,3'-diisopropylbiphen-4,4'-ylene group, a 3,3'-di-
tert-butylbiphen-4,4'-ylene group, a 3,3',5,5'-tetramethylbi-
phen-4.4'-ylene group, 3,3',5,5'-tetraethylbiphen-4,4'-ylene
group, a 3,3',5,5'-tetraisopropylbiphen-4,4'-ylene group, or a
3,3',5,5'-tetra-tert-butylbiphen-4,4'-ylene group. In some
embodiments, L' can be a 3,3'-dimethylbiphen-4,4'-ylene
group, 3,3'-diethylbiphen-4,4'-ylene group, a 3,3'-diisopro-
pylbiphen-4.4'-ylene group, or a 3,3'-di-tert-butylbiphen-4,
4'-ylene group; or alternatively, a 3,3',5,5'-tetramethylbi-
phen-4.4'-ylene group, 3,3',5,5'-tetraethylbiphen-4,4'-ylene
group, a 3,3',5,5'-tetraisopropylbiphen-4,4'-ylene group, or a
3,3',5,5"-tetra-tert-butylbiphen-4,4'-ylene group.

In other embodiments, L' can be a 3,3'-dimethylbiphen-4,
4'-ylene group; alternatively, 3,3'-diethylbiphen-4,4'-ylene
group; alternatively, a 3,3'-diisopropylbiphen-4,4'-ylene
group; alternatively, a 3,3'-di-tert-butylbiphen-4,4'-ylene
group; alternatively, a 3,3',5,5"-tetramethylbiphen-4,4'-ylene
group; alternatively, 3,3',5,5'-tetracthylbiphen-4,4'-ylene
group; alternatively, a 3,3',5,5'-tetraisopropylbiphen-4,4'-
ylene group; or alternatively, a 3,3',5,5'-tetra-tert-butylbi-
phen-4.4'-ylene group.

In a non-limiting embodiment, L' can be a bis(3-meth-
ylphen-4-ylene)methane group, a bis(3-ethylphen-4-ylene)
methane group, a bis(3-isopropyphen-4-ylene)methane
group, a bis(3-tert-butylphen-4-ylene)methane group, a bis
(3,5-dimethylphen-4-ylene)methane group, a bis(3,5-dieth-
ylphen-4-ylene)methane group, a bis(3,5-diisopropyphen-4-
ylene)methane group, or a bis(3,5-di-tert-butylphen-4-ylene)
methane group. In some embodiments, L' can be a bis(3-
methylphen-4-ylene)methane group, a bis(3-ethylphen-4-
ylene)methane group, a bis(3-isopropyphen-4-ylene)
methane group, a bis(3-tert-butylphen-4-ylene)methane
group; or alternatively, a bis(3,5-dimethylphen-4-ylene)
methane group, a bis(3,5-diethylphen-4-ylene)methane
group, a bis(3,5-diisopropyphen-4-ylene)methane group, or a
bis(3,5-di-tert-butylphen-4-ylene)methane group. In other
embodiments, L' can be a bis(3-methylphen-4-ylene)meth-
ane group; alternatively, a bis(3-ethylphen-4-ylene)methane
group; alternatively, a bis(3-isopropyphen-4-ylene)methane
group; alternatively, a bis(3-tert-butylphen-4-ylene)methane
group; alternatively, a bis(3,5-dimethylphen-4-ylene)meth-
ane group; alternatively, a bis(3,5-diethylphen-4-ylene)meth-
ane group; alternatively, a bis(3,5-diisopropyphen-4-ylene)
methane group; or alternatively, a bis(3,5-di-tert-butylphen-
4-ylene)methane group.

In a non-limiting embodiment, L' can be a bis(3-meth-
ylphen-4-ylene)ethane group, a bis(3-ethylphen-4-ylene)
ethane group, a bis(3-isopropylphen-4-ylene)ethane group, a
bis(3-tert-butylphen-4-ylene)ethane group a bis(3,5-dimeth-
ylphen-4-ylene)ethane group, a bis(3,5-diethylphen-4-ylene)
ethane group, a bis(3,5-diisopropylphen-4-ylene)ethane
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group, or a bis(3,5-di-tert-butylphen-4-ylene)ethane group.
In some embodiments, L' can be a bis(3-methylphen-4-
ylene)ethane group, a bis(3-ethylphen-4-ylene)ethane group,
a bis(3-isopropylphen-4-ylene)ethane group, a bis(3-tert-bu-
tylphen-4-ylene)ethane group; or alternatively, a bis(3,5-
dimethylphen-4-ylene)ethane group, a bis(3,5-diethylphen-
4-ylene)ethane group, a bis(3,5-diisopropylphen-4-ylene)
ethane group, or a bis(3,5-di-tert-butylphen-4-ylene)ethane
group. In other embodiments, L* can be a bis(3-methylphen-
4-ylene)ethane group; alternatively, a bis(3-ethylphen-4-
ylene)ethane group; alternatively, a bis(3-isopropylphen-4-
ylene)ethane group; alternatively, a bis(3-tert-butylphen-4-
ylene)ethane group; alternatively, a bis(3,5-dimethylphen-4-
ylene)ethane group; alternatively, a bis(3,5-diethylphen-4-
ylene)ethane group; alternatively, a bis(3,5-diisopropylphen-
4-ylene)ethane group; or alternatively, a bis(3,5-di-tert-
butylphen-4-ylene)ethane group.

Generally, D? can be an r valent organic group; alterna-
tively, an r valent organic group consisting essentially of inert
functional groups; or alternatively, an r valent hydrocarbon
group. In an aspect, D* can be an r valent C, to C,, organic
group; alternatively, an r valent C, to C,, organic group;
alternatively, an r valent C, to C, organic group; alterna-
tively, an r valent C, to C,, organic group; or alternatively, an
r valent C, to C, organic group. In another aspect, D* can be
an r valent C, to C;, organic group consisting essentially of
inert functional groups; alternatively, an r valent C, to C,,
organic group consisting essentially of inert functional
groups; alternatively, an r valent C, to C,5 organic group
consisting essentially of inert functional groups; alterna-
tively, an r valent C, to C,, organic group consisting essen-
tially of inert functional groups; or alternatively, anr valent C,
to C organic group consisting essentially of inert functional
groups. In yet another aspect, D* can be an r valent C, to Cs,,
hydrocarbyl group; alternatively, an r valent C, to C,, hydro-
carbyl group; alternatively, an r valent C, to C, 5 hydrocarbyl
group; alternatively, an r valent C, to C, , hydrocarbyl group;
or alternatively, an r valent C, to C5 hydrocarbyl group. In yet
other embodiments, D? can be an r valent C, to Cs,, aromatic
group; alternatively, an r valent C; to C,, aromatic group;
alternatively, an r valent C; to C, 5 aromatic group; or alter-
natively, an r valent C; to C,, aromatic group.

In an aspect, r can be an integer greater than zero. In some
embodiments, r can be an integer from 1 to 5; alternatively, an
integer from 1 to 4; or alternatively, 2 or 3. In other embodi-
ments, r can be 1; alternatively, 2; alternatively, 3; alterna-
tively, 4; or alternatively, 5.

In an aspect, [ can be a C, to C,, organylene group;
alternatively, a C, to C,, organylene group; alternatively, a C,
to C, 5 organylene group; alternatively, a C, to C,, organylene
group; or alternatively, a C,; to C5 organylene group. In
another aspect, L? can be a C, to C, organylene group con-
sisting essentially of inert functional groups; alternatively, a
C, to C,, organylene group consisting essentially of inert
functional groups; alternatively, a C, to C, 5 organylene group
consisting essentially of inert functional groups; alterna-
tively, a C, to C,, organylene group; or alternatively, a C, to
C, organylene group consisting essentially of inert functional
groups. In yet another aspect, L* can be a C, to C,, hydrocar-
bylene group; alternatively, a C, to C,, hydrocarbylene
group; alternatively, a C, to C, 5 hydrocarbylene group; alter-
natively, a C, to C,, hydrocarbylene group; or alternatively, a
C, to Cs hydrocarbylene group. In yet other embodiments, I
can be a C; to C;, aromatic group; alternatively, a C; to C,
aromatic group; alternatively, a C; to C, 5 aromatic group; or
alternatively, a C; to C,, aromatic group.
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In an aspect, L? can be a C, to C,, alkylene group, a C, to
C,, cycloalkylene group, a C, to C;, substituted cycloalky-
lene group, a C; to C,, aliphatic heterocyclylene group, a C,
to C,, substituted aliphatic heterocyclylene group, aC4to Cs
arylene group, a C, to C,, substituted arylene group, a C; to
C;, heteroarylene group, or a C; to C;, substituted het-
eroarylene group; alternatively, a C, to C,, alkylene group, a
C, to C;, cycloalkylene group, a C, to C;, substituted
cycloalkylene group, a C, to C,, arylene group, ora C to C,
substituted arylene group; alternatively, a C, to C;,
cycloalkylene group or a C, to C,, substituted cycloalkylene
group; alternatively, a C; to C;, aliphatic heterocyclylene
group or a C; to C,, substituted aliphatic heterocyclylene
group; alternatively, a C to C,, arylene group ora C,to C,
substituted arylene group; alternatively, a C; to C,q het-
eroarylene group or a C, to C,, substituted heteroarylene
group; alternatively, a C, to C;,, alkylene group; alternatively,
a C, to C;, cycloalkylene group; alternatively, a C, to Cs
substituted cycloalkylene group; alternatively, a C; to C;,
aliphatic heterocyclylene group; alternatively, a C; to Cs,
substituted aliphatic heterocyclylene group; alternatively, a
C¢ 1o C;, arylene group; alternatively, a Cq to C;, substituted
arylene group; alternatively, a C; to C,, heteroarylene group;
or alternatively, a C; to C, substituted heteroarylene group.
Inan embodiment, I.? can bea C, to C, 5 alkylene group,a C,,
to C,, cycloalkylene group, a C, to C,, substituted cycloalky-
lene group, a C; to C,, aliphatic heterocyclylene group, a C,
to C,,, substituted aliphatic heterocyclylene group,aC, to C,,
arylene group, a C, to C,, substituted arylene group, a C; to
C,, heteroarylene group, or a C; to C,, substituted het-
eroarylene group; alternatively, a C, to C, 5 alkylene group, a
C, to C,, cycloalkylene group, a C, to C,, substituted
cycloalkylene group, a C, to C,, arylene group, ora C to C,
substituted arylene group; alternatively, a C, to C,,
cycloalkylene group or a C, to C,, substituted cycloalkylene
group; alternatively, a C; to C,, aliphatic heterocyclylene
group or a C; to C,, substituted aliphatic heterocyclylene
group; alternatively, a Cq to C, arylene group or a C4to C,
substituted arylene group; alternatively, a C; to C,, het-
eroarylene group or a C,; to C,, substituted heteroarylene
group; alternatively, a C, to C, 5 alkylene group; alternatively,
a C, to C,, cycloalkylene group; alternatively, a C, to C,,
substituted cycloalkylene group; alternatively, a C; to C,,
aliphatic heterocyclylene group; alternatively, a C; to C,,
substituted aliphatic heterocyclylene group; alternatively, a
C¢ 1o C,, arylene group; alternatively, a Cq to C,, substituted
arylene group; alternatively, a C; to C,, heteroarylene group;
or alternatively, a C; to C, substituted heteroarylene group.
In other embodiments, [.*> can be a C, to C,, alkylene group,
a C, to C,5 cycloalkylene group, a C, to C,5 substituted
cycloalkylene group, a C; to C, 5 aliphatic heterocyclylene
group, a C; to C,5 substituted aliphatic heterocyclylene
group, a C, to C,5 arylene group, a C4 to C, 5 substituted
arylene group, a C, to C, 5 heteroarylene group,oraC;to C, 5
substituted heteroarylene group; alternatively, a C, to C,,
alkylene group, a C, to C, 5 cycloalkylene group,a C, to C, 5
substituted cycloalkylene group, a C4 to C, 5 arylene group, or
a Cq to C5 substituted arylene group; alternatively, a C, to
C, 5 cycloalkylene group or a C, to C, 5 substituted cycloalky-
lene group; alternatively, a C; to C,5 aliphatic heterocy-
clylene group or a C; to C, 5 substituted aliphatic heterocy-
clylene group; alternatively, a C4 to C, 5 arylene group ora Cq
to C, 5 substituted arylene group; alternatively, a C; to C, 5
heteroarylene group or a C; to C, 5 substituted heteroarylene
group; alternatively, a C, to C,, alkylene group; alternatively,
a C, to C,5 cycloalkylene group; alternatively, a C, to C 5
substituted cycloalkylene group; alternatively, a C; to C,5
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aliphatic heterocyclylene group; alternatively, a C; to C5
substituted aliphatic heterocyclylene group; alternatively, a
C¢ to C, 5 arylene group; alternatively, a C, to C, 5 substituted
arylene group; alternatively, a C; to C, 5 heteroarylene group;
or alternatively, a C; to C, 5 substituted heteroarylene group.
In further embodiments, 1> can be a C, to Cs alkylene group.

In an embodiment, L be a bond, a methylene group, an
ethylene group, a propylene group, a butylene group, a pen-
tylene group, a hexylene group, a heptylene group, an octy-
lene group, a nonylene group, a decylene group, a undecylene
group, a dodecylene group, a tridecylene group, a tetrade-
cylene group, a pentadecylene group, a hexadecylene group,
a heptadecylene group, an octadecylene group, or a nonade-
cylene group; or alternatively, a methylene group, an ethylene
group, a propylene group, a butylene group, a pentylene
group, a hexylene group, a heptylene group, an octylene
group, a nonylene group, a decylene group. In some embodi-
ments, L? can be a methylene group, an ethylene group, a
propylene group, a butylene group, or a pentylene group. In
other embodiments, L.? can be a bond; alternatively, a meth-
ylene group; alternatively, an ethylene group; alternatively, a
propylene group; alternatively, a butylene group; alterna-
tively, a pentylene group; alternatively, a hexylene group;
alternatively, a heptylene group; alternatively, an octylene
group; alternatively, a nonylene group; alternatively, a
decylene group; alternatively, a undecylene group; alterna-
tively, a dodecylene group; alternatively, a tridecylene group;
alternatively, a tetradecylene group; alternatively, a pentade-
cylene group; alternatively, a hexadecylene group; alterna-
tively, a heptadecylene group; alternatively, an octadecylene
group; or alternatively, a nonadecylene group. In some
embodiments, L.? can be a bond, a methylene group, an eth-
1,2-ylene group, a prop-1,3-ylene group, a but-1,4-ylene
group, a but-2,3-ylene group, a pent-1,5-ylene group, a 2,2-
dimethylprop-1,3-ylene group, a hex-1,6-ylene group, or a
2,3-dimethylbut-2,3-ylene group; alternatively, an eth-1,2-
ylene group, a prop-1,3-ylene group, a but-1,4-ylene group, a
pent-1,5-ylene group, or a hex-1,6-ylene group; alternatively,
a bond; alternatively, a methylene group; alternatively, an
eth-1,2-ylene group; alternatively, a prop-1,3-ylene group;
alternatively, a but-1,4-ylene group; alternatively, a but-2,3-
ylene group; alternatively, a pent-1,5-ylene group; alterna-
tively, a 2,2-dimethylprop-1,3-ylene group; alternatively, a
hex-1,6-ylene group; or alternatively, a 2,3-dimethylbut-2,3-
ylene group. In some embodiments, the alkylene groups
which can be utilized as I can be substituted. Each substitu-
ent of a substituted alkylene group independently can be a
halogen or a hydrocarboxy group; alternatively, a halogen; or
alternatively, a hydrocarboxy group. Halogens and hydrocar-
boxy groups that can be utilized as substituents are indepen-
dently disclosed herein (e.g. as substituents for substituted R*
groups) and can be utilized without limitation to further
describe the substituted alkylene group which can be utilized
as L2

In an aspect, L? can have the formula —CR'“R**
(CH,),CR**R*— wherein each R'4, R?%, R*¢, and R** inde-
pendently can be hydrogen, a halogen, a C, to C; alkyl group,
or a C, to Cs alkoxy group and t can be zero or an integer
ranging from 1 to 28. In an embodiment, R*¢, R?%, R>%, and
R* independently can be hydrogen, a halogen, ora C, to Cy
alkyl group; alternatively, hydrogen, a halogen, ora C, to Cs
alkoxy group; alternatively, hydrogen, a C, to C, alkyl group,
ora C, to C; alkoxy group; alternatively, hydrogen or a halo-
gen; alternatively, hydrogen or a C, to Cs alkyl group; alter-
natively, hydrogen or a C, to Cs alkoxy group; alternatively,
hydrogen; or alternatively, a C, to Cs alkyl group. In an
embodiment, t can be an integer ranging from 1 to 18; alter-
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natively, 1 to 13; alternatively, 1 to 8; or alternatively, 1 to 3.
In other embodiments, t can be zero. Halogens, C, to C, alkyl
groups, and C, to Cs alkoxy groups that can be utilized as
substituents are independently described herein and can be
utilized, without limitation, to further describe L? having the
formula —CR'“R?*(CH,), CR*>*R**—. In another aspect, L
may have the formula—(CH,),— wherein s can be an integer
ranging from 1 to 30. In an embodiment, s can be an integer
ranging from 1 to 20; alternatively, 1 to 15; alternatively, 1 to
10; or alternatively, 1 to 5.

In an embodiment, L? can be a cyclobutylene group, a
substituted cyclobutylene group, a cyclopentylene group, a
substituted cyclopentylene group, a cyclohexylene group, a
substituted cyclohexylene group, a cycloheptylene group, a
substituted cycloheptylene group, a cyclooctylene group, ora
substituted cyclooctylene group. In some embodiments, a L
can be a cyclopentylene group, a substituted cyclopentylene
group, a cyclohexylene group, a substituted cyclohexylene
group. In other embodiments, L* can be a cyclobutylene
group or a substituted cyclobutylene group; alternatively, a
cyclopentylene group or a substituted cyclopentylene group;
alternatively, a cyclohexylene group or a substituted cyclo-
hexylene group; alternatively, a cycloheptylene group or a
substituted cycloheptylene group; or alternatively, a cyclooc-
tylene group, or a substituted cyclooctylene group. In further
embodiments, L can be a cyclopentylene group; alterna-
tively, a substituted cyclopentylene group; a cyclohexylene
group; or alternatively, a substituted cyclohexylene group.

In an embodiment, L can be a cyclopent-1,3-ylene group,
a substituted cyclopent-1,3-ylene group, a cyclohex-1,3-
ylene group, a substituted cyclohex-1,3-ylene group, a cyclo-
hex-1,4-ylene group, or a substituted cyclohex-1,4-ylene
group; alternatively, cyclopent-1,3-ylene group, a cyclohex-
1,3-ylene group, or a cyclohex-1,4-ylene group. In some
embodiments, 1> can be a cyclopent-1,3-ylene group, or a
substituted cyclopent-1,3-ylene group; alternatively, acyclo-
hex-1,3-ylene group, a substituted cyclohex-1,3-ylene group,
a cyclohex-1,4-ylene group, or a substituted cyclohex-1,4-
ylene group; alternatively, a cyclohex-1,3-ylene group or a
substituted cyclohex-1,3-ylene group; alternatively, a cyclo-
hex-1,4-ylene group or a substituted cyclohex-1,4-ylene
group; alternatively, a cyclopent-1,3-ylene group, a cyclohex-
1,3-ylene group, or a cyclohex-1,4-ylene group; or alterna-
tively, a substituted cyclopent-1,3-ylene group, a substituted
cyclohex-1,3-ylene group, or a substituted cyclohex-1,4-
ylene group. In other embodiments, L' can be a cyclopent-1,
3-ylene group; alternatively, a substituted cyclopent-1,3-
ylene group; alternatively, a cyclohex-1,3-ylene group;
alternatively, a substituted cyclohex-1,3-ylene group; alter-
natively, a cyclohex-1,4-ylene group; or alternatively, a sub-
stituted cyclohex-1,4-ylene group.

In an aspect, L? can be a bicyclylene group, a substituted
bicyclylene group, a bis(cyclylene)methane group, a substi-
tuted bis(cyclylene)methane group, a bis(cyclylene)ethane
group, or a substituted bis(cyclylene)ethane group; alterna-
tively, a bicyclylene group, a bis(cyclylene)methane group, or
a bis(cyclylene)ethane group; or alternatively, a substituted
bicyclylene group, a substituted bis(cyclylene)methane
group, or a substituted bis(cyclylene)ethane group. In an
embodiment, L? can be a bicyclylene group or a substituted
bicyclylene group; alternatively, a bis(cyclylene)methane
group or a substituted bis(cyclylene)methane group; or alter-
natively, a bis(cyclylene)ethane group or a substituted bis
(cyclylene)ethane group. In some embodiments, I? can be a
bicyclylene group; alternatively, a substituted bicyclylene
group; alternatively, a bis(cyclylene)methane group; alterna-
tively, a substituted bis(cyclylene)methane group; alterna-

10

15

20

25

30

35

40

45

50

55

60

65

90

tively, a bis(cyclylene)ethane group; or alternatively, a sub-
stituted bis(cyclylene)ethane group. Generally, any bis
(cyclylene)ethane group disclosed herein (substituted or
unsubstituted) can be a bis-1,1-(cyclylene)ethane group or a
bis-1,2-(cyclylene)ethane group; alternatively, a bis-1,1-(cy-
clylene)ethane group; or alternatively, a bis-1,2-(cyclylene)
ethane group.

In an aspect, L can be a bicyclohexylene group, a substi-
tuted bicyclohexylene group, a bis(cyclohexylene)methane
group, a substituted bis(cyclohexylene)methane group, a bis
(cyclohexylene)ethane group, or a substituted bis(cyclohexy-
lene)ethane group; alternatively, a bicyclohexylene group, a
bis(cyclohexylene)methane group, or a bis(cyclohexylene)
ethane group; or alternatively, a substituted bicyclohexylene
group, a substituted bis(cyclohexylene)methane group, or a
substituted bis(cyclohexylene)ethane group. In an embodi-
ment, L? can be a bicyclohexylene group or a substituted
bicyclohexylene group; alternatively, a bis(cyclohexylene)
methane group or a substituted bis(cyclohexylene)methane
group; or alternatively, a bis(cyclohexylene)ethane group or a
substituted bis(cyclohexylene)ethane group. In some
embodiments, L* can be a bicyclohexylene group; alterna-
tively, a substituted bicyclohexylene group; alternatively, a
bis(cyclohexylene)methane group; alternatively, a substi-
tuted bis(cyclohexylene)methane group; alternatively, a bis
(cyclohexylene)ethane group; or alternatively, a substituted
bis(cyclohexylene)ethane group. Generally, any bis(cyclo-
hexylene)ethane group disclosed herein (substituted or
unsubstituted) can be a bis-1,1-(cyclohexylene)ethane group
orabis-1,2-(cyclohexylene)ethane group; alternatively, a bis-
1,1-(cyclohexylene)ethane group; or alternatively, a bis-1,2-
(cyclohexylene)ethane group.

In an embodiment, L? can be a bicyclohex-4,4'-ylene
group, a 3,3'-disubstituted bicyclohex-4,4'-ylene group, a
3,3'5,5'-tetrasubstitutedbicyclohex-4,4'-ylene group, a bis
(cyclohex-4-ylene) group, a bis(3-substituted cyclohex-4-
ylene)methane group, a bis(3,5-disubstituted cyclohex-4-
ylene)methane group, a bis-1,2-(cyclohex-4-ylene)ethane
group, a bis-1,2-(3-substituted cyclohex-4-ylene)ethane
group, or a bis-1,2-(3,5-disubstituted cyclohex-4-ylene)
ethane group. In some embodiments, L? can be a bicyclohex-
4.4'-ylene group, 3,3'-disubstituted bicyclohex-4,4'-ylene
group or a 3,3',55'-tetrasubstitutedbicyclohex-4,4'-ylene
group; alternatively, a bis(cyclohex-4-ylene)methane group,
a bis(3-substituted cyclohex-4-ylene)methane group or a bis
(3,5-disubstituted cyclohex-4-ylene)methane group; or alter-
natively, a bis-1,2-(cyclohex-4-ylene)ethane group, a bis-1,
2-(3-substituted cyclohex-4-ylene)ethane group or a bis-1,2-
(3,5-disubstituted cyclohex-4-ylene)ethane group. In other
embodiments, L? can be a bicyclohex-4,4'-ylene group; alter-
natively, a 3,3'-disubstituted bicyclohex-4,4'-ylene group;
alternatively, a 3,3',5,5'-tetrasubstitutedbicyclohex-4,4'-
ylene group; alternatively, a bis(cyclohex-4-ylene)methane
group; alternatively, a bis(3-substituted cyclohex-4-ylene)
methane group; alternatively, a bis(3,5-disubstituted cyclo-
hex-4-ylene)methane group; alternatively, a bis-1,2-(cyclo-
hex-4-ylene)ethane group; alternatively, a bis-1,2-(3-
substituted cyclohex-4-ylene)ethane group; or alternatively, a
bis-1,2-(3,5-disubstituted cyclohex-4-ylene)ethane group.

In an embodiment, L? can be a di(methylene)cycloalkane
group or a substituted di(methylene)cycloalkane group; or
alternatively, a di(methylene)cycloalkane group. The
cycloalkane group of the di(methylene)cycloalkane group
can be cyclobutane group, a substituted cyclobutane group, a
cyclopentane group, a substituted cyclopentane group, a
cyclohexane group, a substituted cyclohexane group, a cyclo-
heptane group, a substituted cycloheptane group, a cyclooc-
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tane group, or a substituted cyclooctane group; alternatively,
a cyclopentane group, a substituted cyclopentane group, a
cyclohexane group, or a substituted cyclohexane group; alter-
natively, a cyclobutane group or a substituted cyclobutane
group; alternatively, a cyclopentane group or a substituted
cyclopentane group; alternatively, a cyclohexane group or a
substituted cyclohexane group; alternatively, a cycloheptane
group or a substituted cycloheptane group; or alternatively, a
cyclooctane group, or a substituted cyclooctane group. In
some embodiments, the cycloalkane group of the di(methyl-
ene)cycloalkane group can be cyclobutane group, a cyclopen-
tane group, a cyclohexane group, a cycloheptane group, or a
cyclooctane group; or alternatively, a cyclopentane group or a
cyclohexane group. In other embodiments, the cycloalkane
group of the di(methylene)cycloalkane group can be cyclo-
pentane group; alternatively, a substituted cyclopentane
group; a cyclohexane group; or alternatively, a substituted
cyclohexane group.

Inan embodiment, L? can be a 1,3-di(methylene)cyclopen-
tane group, a substituted 1,3-di(methylene)cyclopentane
group, a 1,3-di(methylene)cyclohexane group, a substituted
1,3-di(methylene)cyclohexane group, a 1,4-di(methylene)
cyclohexane group, or a substituted 1,4-di(methylene)cyclo-
hexane group; or alternatively, a 1,3-di(methylene)cyclopen-
tane group, a 1,3-di(methylene)cyclohexane group, or a 1,4-
di(methylene)cyclohexane group. In some embodiments, L
can be a 1,3-di(methylene)cyclopentane group, a substituted
1,3-di(methylene)cyclopentane group; alternatively, a 1,3-di
(methylene)cyclohexane group, a substituted 1,3-di(methyl-
ene)cyclohexane group, a 1,4-di(methylene)cyclohexane
group, or a substituted 1,4-di(methylene)cyclohexane group;
alternatively, a 1,3-di(methylene)cyclohexane group, a sub-
stituted 1,3-di(methylene)cyclohexane group; alternatively, a
1,4-di(methylene)cyclohexane group, or a substituted 1,4-di
(methylene)cyclohexane group; alternatively, 1,3-di(methyl-
ene)cyclopentane group; alternatively, a 1,3-di(methylene)
cyclohexane group; or alternatively, a 1,4-di(methylene)
cyclohexane group.

In an aspect, L* can be a phenylene group or a substituted
phenylene group. In an embodiment, L* can be a phenylene
group; or alternatively, a substituted phenylene group. In
some embodiments, L? can be a phen-1,2-ylene group or a
substituted phen-1,2-ylene group; alternatively, a phen-1,2-
ylene group; or alternatively, a substituted phen-1,2-ylene
group. In other embodiments, L* can be a phen-1,3-ylene
group or a substituted phen-1,3-ylene group; alternatively, a
phen-1,3-ylene group; or alternatively, a substituted phen-1,
3-ylene group. In yet other embodiments, I.> can be a phen-
1,4-ylene group or a substituted phen-1,4-ylene group; alter-
natively, a phen-1,4-ylene group; or alternatively, a
substituted phen-1,4-ylene group. In further embodiments,
L? can be a phen-1,2-ylene group, a phen-1,3-ylene group, or
aphen-1,4-ylene group; alternatively, a phen-1,3-ylene group
or a phen-1,4-ylene group. In other embodiments, L* can be a
substituted phen-1,2-ylene group, a substituted phen-1,3-
ylene group, or a substituted phen-1,4-ylene group; alterna-
tively, a substituted phen-1,3-ylene group, or a substituted
phen-1.,4-ylene group.

In an aspect, L? can be a naphthylene group or a substituted
naphthylene group. In an embodiment, L? can be a naphthyl-
ene group; or alternatively, a substituted naphthylene group.
In some embodiments, L? can be a naphth-1,3-ylene group, a
substituted naphth-1,3-ylene group, a naphth-1,4-ylene
group, a substituted naphth-1,4-ylene group, a naphth-1,5-
ylene group, a substituted naphth-1,5-ylene group, a naphth-
1,6-ylene group, a substituted naphth-1,6-ylene group, a
naphth-1,7-ylene group, a substituted naphth-1,7-ylene

10

15

20

25

30

35

40

45

50

55

60

65

92

group, a naphth-1,8-ylene group, or a substituted naphth-1,
8-ylene group. In other embodiments, L can be a naphth-1,
3-ylene group or a substituted naphth-1,3-ylene group; alter-
natively, a naphth-1,4-ylene group or a substituted naphth-1,
4-ylene group; alternatively, a naphth-1,5-ylene group or a
substituted naphth-1,5-ylene group; alternatively, a naphth-
1,6-ylene group or a substituted naphth-1,6-ylene group;
alternatively, a naphth-1,7-ylene group or a substituted
naphth-1,7-ylene group; or alternatively, a naphth-1,8-ylene
group or a substituted naphth-1,8-ylene group. In yet other
embodiments, L? can be a naphth-1,3-ylene group; alterna-
tively, a substituted naphth-1,3-ylene group; alternatively, a
naphth-1,4-ylene group; alternatively, a substituted naphth-
1,4-ylene group; alternatively, a naphth-1,5-ylene group;
alternatively, a substituted naphth-1,5-ylene group; alterna-
tively, a naphth-1,6-ylene group; alternatively, a substituted
naphth-1,6-ylene group; alternatively, a naphth-1,7-ylene
group; alternatively, a substituted naphth-1,7-ylene group;
alternatively, a naphth-1,8-ylene group; or alternatively, a
substituted naphth-1,8-ylene group.

In an aspect, L? can be a biphenylene group, a substituted
biphenylene group, a bis(phenylene)methane group, a substi-
tuted bis(phenylene)methane group, a bis(phenylene)ethane
group, or a substituted bis(phenylene)ethane group; or alter-
natively, a biphenylene group, a bis(phenylene)methane
group, or a bis(phenylene)ethane group; or alternatively, a
substituted biphenylene group, a substituted bis(phenylene)
methane group, or a substituted bis(phenylene)ethane group.
In an embodiment, I? can be a biphenylene group or a sub-
stituted biphenylene group; alternatively, bis(phenylene)
methane group or a substituted bis(phenylene)methane
group; or alternatively, a bis(phenylene)ethane group or a
substituted bis(phenylene)ethane group. In some embodi-
ments, L can be a biphenylene group; alternatively, a substi-
tuted biphenylene group; alternatively, a bis(phenylene)
methane group; alternatively, a substituted bis(phenylene)
methane group; alternatively, a bis(phenylene)ethane group;
or alternatively, a substituted bis(phenylene)ethane group.
Generally, any bis(phenylene)ethane group disclosed herein
(substituted or unsubstituted) can be a bis-1,1-(phenylene)
ethane group or a bis-1,2-(phenylene)ethane group; alterna-
tively, a bis-1,1-(phenylene)ethane group; or alternatively, a
bis-1,2-(phenylene)ethane group.

In an embodiment, L can be a biphen-3-ylene group, a
substituted biphen-3-ylene group, a biphen-4-ylene group, or
a substituted biphen-4-ylene group. In some embodiments,
L? can be a biphen-3-ylene group or a substituted biphen-3-
ylene group; or alternatively, a biphen-4-ylene group or a
substituted biphen-4-ylene group. In other embodiments, L
can be a biphen-3-ylene group; alternatively, a substituted
biphen-3-ylene group; alternatively, a biphen-4-ylene group;
or alternatively, a substituted biphen-4-ylene group.

In an embodiment, L.? can be a bis(phen-3-ylene)methane
group, a substituted bis(phen-3-ylene)methane group, a bis
(phen-4-ylene)methane group, or a substituted bis(phen-4-
ylene)methane group. In some embodiments, L can be a
bis(phen-3-ylene)methane group or a substituted bis(phen-3-
ylene)methane group; or alternatively, a bis(phen-4-ylene)
methane group or a substituted bis(phen-4-ylene)methane
group. In other embodiments, L? can be a bis(phen-3-ylene)
methane group; alternatively, a substituted bis(phen-3-ylene)
methane group; alternatively, a bis(phen-4-ylene)methane
group; or alternatively, a substituted bis(phen-4-ylene)meth-
ane group.

In an embodiment, L.? can be a bis(phen-3-ylene)ethane
group, a substituted bis(phen-3-ylene)ethane group, a bis
(phen-4-ylene)ethane group, or a substituted bis(phen-4-
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ylene)ethane group. In some embodiments, 1> can be a bis
(phen-3-ylene)ethane group or a substituted bis(phen-3-
ylene)ethane group; or alternatively, a bis(phen-4-ylene)
ethane group or a substituted bis(phen-4-ylene)ethane group.
In other embodiments, L? can be a bis(phen-3-ylene)ethane
group; alternatively, a substituted bis(phen-3-ylene)ethane
group; alternatively, bis(phen-4-ylene)ethane group; or alter-
natively, a substituted bis(phen-4-ylene)ethane group. Gen-
erally, any bis(phenylene)ethane group disclosed herein (sub-
stituted or unsubstituted) may be a bis-1,1-(phenylene)ethane
group or a bis-1,2-(phenylene)ethane group; alternatively, a
bis-1,1-(phenylene)ethane group; or alternatively, a bis-1,2-
(phenylene)ethane group.

In an aspect, L* can be a di(methylene benzene group, or a
substituted di(methylene)benzene group; alternatively, a
di(methylene)benzene group. In an embodiment, L* can be a
1,2-di(methylene)benzene group, a substituted 1,2-di(meth-
ylene)benzene group, a 1,3-di(methylene)benzene group, a
substituted 1,3-di(methylene)benzene group, a 1,4-di(meth-
ylene)benzene group, or a substituted 1,4-di(methylene)ben-
zene group; alternatively, a 1,2-di(methylene)benzene group,
a 1,3-di(methylene)benzene group, or a 1,4-di(methylene)
benzene group. In some embodiments, L* can be a 1,2-di
(methylene)benzene group or a substituted 1,2-di(methylene)
benzene group; alternatively, a 1,3-di(methylene)benzene
group or a substituted 1,3-di(methylene)benzene group;
alternatively, a 1,4-di(methylene)benzene group or a substi-
tuted 1,4-di(methylene)benzene group; alternatively, a 1,2-di
(methylene)benzene group; alternatively, a 1,3-di(methyl-
ene)benzene group; or alternatively, a 1,4-di(methylene)
benzene group.

In an embodiment, each substituent for any substituted L*
group (general or specific) independently can be a halogen, a
hydrocarbyl group, or a hydrocarboxy group; alternatively, a
halogen or a hydrocarbyl group; alternatively, a hydrocarbyl
group or a hydrocarboxy group; alternatively, a halogen;
alternatively, a hydrocarbyl group; or alternatively, a hydro-
carboxy group. In some embodiments, each substituent for
any substituted L? group (general or specific) independently
can be a halogen, an alkyl group, or an alkoxy group; alter-
natively, a halogen or an alkyl group; alternatively, an alkyl
group or an alkoxy group; alternatively, a halogen; alterna-
tively, an alkyl group; or alternatively, an alkoxy group. Halo-
gens, hydrocarbyl groups, hydrocarboxy groups, alkyl group,
and alkoxy groups that can be utilized as substituents are
independently disclosed herein (e.g. as substituents for sub-
stituted R* groups) and can be utilized without limitation to
further describe a substituted L> group.

In an embodiment, L2 can have any Structure in Table 1. In
anembodiment, L.? can have Structure 1L, 2L, 3L, 4L, 5L, 6L,
or 7L; or alternatively, 8L, 9L, 10L,, 111, 121, 131, or 14L.. In
some embodiments, L? can have Structure 1L, 2L, or 3L;
alternatively, 4L, 5L, 6L, or 7L; alternatively, 8L, 9L, or 10L;
or alternatively, 111, 121, 13L, or 14L. In other embodi-
ments, L* can have Structure 2L or 3L; alternatively, 9L, or
10L; alternatively, 4L or 5L; alternatively, 6L or 7L; or alter-
natively, 11L or 12L; or alternatively, 13L or 14L. In further
embodiments, L? can have Structure 1L; alternatively, 2L;
alternatively, 3L; alternatively, 4L; alternatively, 5L; alterna-
tively, 6L; alternatively, 7L; alternatively, 8L; alternatively,
9L; alternatively, 10L; alternatively, 111; alternatively, 12L;
alternatively, 13L; or alternatively, 14L. Generally, L* may
have any embodiment of Structures 11.-14L, described herein.
Generally, L? can have any aspect or embodiment of the
Structures of Table 1 described for L',

In an aspect, the N*-phosphinyl amidine compound can
comprise an N2-phosphinyl amidine group and a metal salt
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complexing group. In another aspect, the N2-phosphiny]l ami-
dine compound can comprise an N2-phosphinyl amidine
group, a metal salt complexing group, and a linking group
linking the metal salt complexing group to the N*-phosphinyl
amidine group. In yet another aspect, the N*-phosphinyl ami-
dine compound can comprise an N>-phosphinyl amidine
group, a metal salt complexing group, and a linking group
linking the metal salt complexing group to the N* nitrogen
atom of the N?-phosphiny]l amidine group. Generally, the
NZ2-phosphinyl amidine group and the metal salt complexing
group are independent elements of the N>-phosphinyl ami-
dine compound comprising an N*-phosphinyl amidine group
and a metal salt complexing group. Consequently, the
N2-phosphinyl amidine compound comprising an N>-phos-
phinyl amidine group and a metal salt complexing group can
be described using any combination of the aspects and
embodiments of the N-phosphinyl amidine group described
herein and the metal salt complexing group described herein.
Additionally, the N* phosphinyl amidine group, the metal salt
complexing group, and the linking group linking the metal
salt complexing group to the N>-phosphinyl amidine group
(or the linking group linking the metal salt complexing group
to the N* nitrogen atom of the N*-phosphinyl amidine group)
are independent elements of the N*-phosphinyl amidine com-
pound comprising an N*-phosphinyl amidine group, a metal
salt complexing group, and a linking group liking the metal
salt complexing group to the N*-phosphinyl amidine group.
Thus, the N?-phosphinyl amidine compound comprising an
N2-phosphinyl amidine group, a metal salt complexing
group, and a linking group linking the metal salt complexing
group to the N*-phosphinyl amidine group (or the linking
group linking the metal salt complexing group to the N*
nitrogen atom of the N*-phosphinyl amidine group) can be
described using any combination of the aspects and embodi-
ments of the N*-phosphinyl amidine group described herein,
the metal salt complexing group described herein, and linking
group described herein.

In embodiments, the N*-phosphinyl amidine compound
comprising an NZ-phosphinyl amidine group, a metal salt
complexing group, and a linking group linking the metal salt
complexing group to the N2-phosphinyl amidine group can
have Structure NP11, Structure NP13, Structure NP15, Struc-
ture NP16, Structure NP18, or Structure NP20; alternatively,
Structure NP11, Structure NP13, or Structure NP15; alterna-
tively, Structure NP16, Structure NP18, or Structure NP20;
alternatively, Structure NP11; alternatively, Structure NP13;
alternatively, Structure NP15; alternatively, Structure NP16;
alternatively, Structure NP18; or alternatively, Structure
NP20. R? R? R* R® L2 D, and r are independently
described as features of the N>-phosphinyl amidine com-
pounds described herein and can be utilized without limita-
tion to describe R?, R*, R*, R®, L?, D, and r in the N*>-phos-
phinyl amidine compounds having Structure NP11, Structure
NP13, Structure NP15, Structure NP16, Structure NP18, and/
or Structure NP20.

The metal salt complexing group, Q', can be any group
comprising a heteroatom capable of complexing with the
metal salt. The linking group, L, can be any group capable of
linking the metal salt complexing group to the N-phosphinyl
amidine group. In some embodiments, the linking group
includes all atoms between the N' nitrogen atom of the
NZ2-phosphinyl amidine group, and the metal salt complexing
group. If the metal salt complexing group is acyclic, the
linking group includes all atoms between an atom of the
NZ2-phosphinyl amidine group and the heteroatom of metal
complexing group; or alternatively, between the N* nitrogen
atom of the N2-phosphinyl amidine group and the heteroatom



US 9,283,555 B2

95

of the metal salt complexing functional group. For example,
in  N'-(2-(dimethylamino)ethyl)-N*-(diphenylphosphino)
the linking group is —CH,CH,— and the metal salt com-
plexing group is the N,N-dimethylaminyl group, and in N*-
(2-(phenylthio)phenyl)-N>-(diisopropylphosphino) the link-
ing group is the phenyl-1,2-ene group and the metal salt
complexing group is the phenylthio group. However, if the
heteroatom of the metal salt complexing group is contained
within a ring or a ring system, the linking group includes all
the atoms between an atom of the N*-phosphinyl amidine
group and the first atom of the ring or ring system containing
the heteroatom of metal complexing group; or alternatively,
between the N* nitrogen atom of the N*-phosphinyl amidine
group and the first atom of the ring or ring system containing
the heteroatom of metal complexing group. For example, in
N'-(2-(morpholin-1-yl)ethyl)-N>-(diisopropylphosphino)
the linking group is —CH,CH,— and the metal salt com-
plexing group is the morpholin-1-yl group and in N*-(thiazol-
2-y1)-N*-(diphenylphosphino) the linking group is a bond
and the metal salt complexing group is the thiazol-2-y1 group.

The metal salt complexing group, Q', can be any group
comprising a heteroatom capable of complexing with the
metal salt. In embodiments, the metal salt complexing group
can be a C, to C;, group comprising a heteroatom; alterna-
tively, a C; to C,, group comprising a heteroatom; alterna-
tively, a C; to C,5 group comprising a heteroatom; alterna-
tively, a C, to C,, group comprising a heteroatom; or
alternatively, a C; to C, group comprising a heteroatom. In
some embodiments, the metal salt complexing heteroatom of
the metal salt complexing group can be oxygen, sulfur, nitro-
gen, or phosphorus. In other embodiments, the metal salt
complexing heteroatom of the metal salt complexing group
can be oxygen or sulfur. In yet other embodiments, the metal
salt complexing heteroatom of the metal salt complexing
group can be nitrogen, or phosphorus. In further embodi-
ments, the metal salt complexing heteroatom of the metal salt
complexing group can be oxygen; alternatively, sulfur; alter-
natively, nitrogen; or alternatively, phosphorus. Optionally,
the metal salt complexing group can contain additional het-
eroatoms which do not complex the metal salt in an N>-phos-
phinyl amidine metal salt complex such as inert heteroatoms
(e.g. halides, or silicon) and/or additional metal salt complex-
ing heteroatom(s) which do not complex with the metal salt
(e.g. because of the position in the non-complexing metal
complexing group within the N*-phosphinyl amidine com-
pound).

In an embodiment, the metal salt complexing group can be
a dihydrocarbyl aminyl group, a dihydrocarbyl phosphinyl
group, a hydrocarbyl etheryl group, or a hydrocarbyl sulfidyl
group. In some embodiments, the metal salt complexing
group can be a dihydrocarbyl aminyl group; alternatively, a
dihydrocarbyl phosphinyl group; alternatively, a hydrocarbyl
etheryl group; or alternatively, a hydrocarbyl sulfidyl group.
In an embodiment, each hydrocarbyl group of the dihydro-
carbyl aminyl group, the dihydrocarbyl phosphinyl group, the
hydrocarbyl etheryl group, or a hydrocarbyl sulfidyl group
utilized as a metal salt complexing group can be a C, to C;,
hydrocarbyl group; alternatively, a C, to C,, hydrocarbyl
group; alternatively, a C, to C, 5 hydrocarbyl group; alterna-
tively, a C, to C,, hydrocarbyl group; or alternatively, a C, to
C; hydrocarbyl group. In some embodiments, each hydrocar-
byl group of the dihydrocarbyl aminyl group, the dihydrocar-
byl phosphinyl group, the hydrocarbyl etheryl group, or a
hydrocarbyl sulfidyl group utilized as a metal salt complexing
group can be an alkyl group, an cycloalkyl group, an aryl
group, or an aralkyl group; alternatively, an alkyl group;
alternatively, an cycloalkyl group; alternatively, an aryl
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group; or alternatively, an aralkyl group. Alkyl groups,
cycloalkyl groups, aryl groups, and aralkyl groups are inde-
pendently disclosed herein and may be utilized without limi-
tation to further describe the metal salt complexing group.
In some embodiments, the metal complexing group can be
dialkyl aminyl group, a dicycloalkyl aminyl group, a di(sub-
stituted cycloalkyl) aminyl group), an N-(alkyl)-N-(cy-
cloalkyl) aminyl group, an N-(alkyl)-N-(substituted
cycloalkyl) aminyl group, an N-(cycloalkyl)-N-(substituted
cycloalkyl) aminyl group, a diaryl aminyl group, a di(substi-
tuted aryl) aminyl group, an N-aryl-N-(substituted aryl) ami-
nyl group, an N-alkyl-N-aryl aminyl group, an N-alkyl-N-
(substituted aryl) aminyl group, a dialkyl phosphinyl group, a
dicycloalkyl phosphinyl group, a di(substituted cycloalkyl)
phosphinyl group), an N-(alkyl)-N-(cycloalkyl) phosphinyl
group, an N-(alkyl)-N-(substituted cycloalkyl) phosphinyl
group, an N-(cycloalkyl)-N-(substituted cycloalkyl) phos-
phinyl group, a diaryl phosphinyl group, a di(substituted aryl)
phosphinyl group, a P-aryl-P-(substituted aryl) phosphinyl
group, a P-alkyl-P-aryl phosphinyl group, a P-alkyl-P-(sub-
stituted aryl) phosphinyl group, an alkyl etheryl group, an aryl
etheryl group, a substituted aryl etheryl group, an alkyl sul-
fidyl group, an aryl sulfidyl group, a substituted aryl sulfidyl
group, a furanyl group, a substituted furanyl group, a thienyl
group, a substituted thienyl group, a tetrahydrofuranyl group,
a substituted tetrahydrofuranyl group, a thiophanyl group, a
substituted thiophany!l group, a pyridinyl group, a substituted
pyridinyl group, a morphilinyl group, a substituted morphili-
nyl group, a pyranyl group, a substituted pyranyl group, a
tetrahydropyranyl group, a substituted tetrahydropyranyl
group, a quinolinyl group, a substituted quinolinyl group, a
pyrrolyl group, a substituted pyrrolyl group, a pyrrolidinyl
group, a substituted pyrrolidinyl group, a piperidinyl group,
or a substituted piperidinyl group. In embodiments, the metal
salt complexing group can be a dialkyl aminyl group, a dicy-
cloalkyl aminyl group, a diaryl aminyl group, a dialkyl phos-
phinyl group, a dicycloalkyl phosphinyl group, a diaryl phos-
phinyl group, an alkyl etheryl group, an aryl etheryl group, an
alkyl sulfidyl group, an aryl sulfidyl group, a furanyl group, a
thienyl group, a tetrahydrofuranyl group, a thiophanyl group,
a pyridinyl group, a morphilinyl group, a pyranyl group, a
tetrahydropyranyl group, a quinolinyl group, a pyrrolyl
group, a pyrrolidinyl group, or a piperidinyl group. In some
embodiments, the metal salt complexing group can be a
dialkyl aminyl group, a dicycloalkyl aminyl group, a di(sub-
stituted cycloalkyl) aminyl group, a diaryl aminyl group, a
di(substituted aryl) aminyl group, a dialkyl phosphinyl group,
a dicycloalkyl phosphinyl group, a di(substituted cycloalkyl)
phosphinyl group, a diaryl phosphinyl group, a di(substituted
aryl) phosphinyl group, an alkyl etheryl group, an aryl etheryl
group, a substituted aryl etheryl group, an alkyl sulfidyl
group, an aryl sulfidyl group, a substituted aryl sulfidyl group,
a pyridinyl group, a substituted pyridinyl group, a morphili-
nyl group, or a substituted morphilinyl group; alternatively, a
dialkyl aminyl group, a diaryl aminyl group, a dialkyl phos-
phinyl group, a diaryl phosphinyl group, an alkyl etheryl
group, an aryl etheryl group, an alkyl sulfidyl group, an aryl
sulfidyl group, a pyridinyl group, or a morphilinyl group;
alternatively, a dialkyl aminyl group, a dicycloalkyl aminyl
group, a di(substituted cycloalkyl) aminyl group, a diaryl
aminyl group, a di(substituted aryl) aminyl group, a dialkyl
phosphinyl group, a dicycloalkyl phosphinyl group, a di(sub-
stituted cycloalkyl) phosphinyl group, a diaryl phosphinyl
group, or a di(substituted aryl) phosphinyl group; alterna-
tively, a dialkyl aminyl group, a diaryl aminyl group, a dialkyl
phosphinyl group, a diaryl phosphinyl group; or alternatively,
a diaryl aminyl group, a di(substituted aryl) aminyl group, or
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an N-aryl-N-(substituted aryl) aminyl group a diaryl phosphi-
nyl group, a di(substituted aryl) phosphinyl group, or an
P-aryl-P-(substituted aryl) phosphinyl group; alternatively, a
diaryl aminyl group, a di(substituted aryl) phosphinyl group,
or an N-aryl-N-(substituted aryl) aminyl group a diaryl phos-
phinyl group, a di(substituted aryl) phosphinyl group, or an
P-aryl-P-(substituted aryl) phosphinyl group, an aryl sulfidyl
group, a substituted aryl sulfidyl group, a pyridinyl group, or
a substituted pyridinyl group; or alternatively, a diaryl aminyl
group, a diaryl phosphinyl group, an aryl sulfidyl group, or a
pyridinyl group. In other embodiments, the metal salt com-
plexing group can be a dialkyl aminyl group or a dialkyl
phosphinyl group; alternatively, a diaryl aminyl group or a
diaryl phosphinyl group; alternatively, a di(substituted aryl)
aminyl group or a di(substituted aryl) phosphinyl group;
alternatively, a 2-pyridinyl group or a substituted 2-pyridinyl
group; alternatively, an alkyl etheryl group, a phenyl etheryl
group, a substituted aryl etheryl group, an alkyl sulfidyl
group, an aryl sulfidyl group, or a substituted sulfidyl group;
alternatively, an alkyl etheryl group or an alkyl sulfidyl group;
alternatively, an aryl etheryl group, a substituted aryl etheryl
group, an aryl sulfidyl group, or a substituted sulfidyl group;
alternatively, an aryl etheryl group or a substituted aryl eth-
eryl group; alternatively, an aryl sulfidyl group, or a substi-
tuted aryl sulfidyl group; alternatively, an aryl sulfidyl group
or a substituted aryl sulfidyl group; alternatively, a furanyl
group, a substituted furanyl group, a thienyl group or a sub-
stituted thienyl group; alternatively, a 1-morphilinyl group or
a substituted 1-morphilinyl group; alternatively, a 2-mor-
philinyl group or a substituted 2-morphilinyl group; alterna-
tively, a 2-pyranyl group or a substituted 2-pyranyl group;
alternatively, a 2-tetrahydropyranyl group, a substituted 2-tet-
rahydropyranyl group; alternatively, a 1-piperidinyl group, or
a substituted 1-piperidinyl group; alternatively, a 1-pyrrolidi-
nyl group, a substituted 1-pyrrolidinyl group; alternatively, a
2-pyrrolidinyl group, a substituted 2-pyrrolidinyl group;
alternatively, a 2-piperidinyl group, or a substituted 2-pip-
eridinyl group; alternatively, a 2-quinolinyl group or a sub-
stituted 2-quiolinyl group; alternatively, a 1-pyrrolyl group or
a substituted 1-pyrrolyl group; alternatively, a 2-pyrrolyl
group or a substituted 2-pyrrolyl group; alternatively, a 2-tet-
rahydrofuranyl group or a substituted 2-tetrahydrofuranyl
group; or alternatively, a 2-thiophanyl group or a substituted
2-thiophanyl group. In yet other embodiments, the metal salt
complexing group can be a diaryl aminyl group; alternatively,
a di(substituted aryl) aminyl group; alternatively, a diaryl
phosphinyl group; or alternatively, a di(substituted aryl)
phosphinyl group. Alkyl groups, cycloalkyl groups, aryl
groups, and aralkyl groups, and substituent groups which can
be utilized for substituted metal complexing groups are inde-
pendently disclosed herein and can be utilized without limi-
tation to further describe the metal salt complexing group.

In any aspect or embodiment disclosed herein, each alkyl
group attached to the heteroatom of a metal salt complexing
group independently can be a C, to C,, alkyl group; alterna-
tively, a C, to C,, alkyl group; alternatively, a C, to C,; alkyl
group; or alternatively, a C, to Cs alkyl group. In any aspect or
embodiment disclosed herein, each cycloalkyl group attached
to the heteroatom of a metal salt complexing group indepen-
dently can be a C, to C;, cycloalkyl group; alternatively,a C,
to C,,, cycloalkyl group; alternatively, a C, to C, 5 cycloalkyl
group; or alternatively, a C, to C,,, cycloalkyl group. In any
aspect or embodiment disclosed herein, each substituted
cycloalkyl group attached to the heteroatom of a metal salt
complexing group independently can be a C, to C;, substi-
tuted cycloalkyl group; alternatively, a C, to C,, substituted
cycloalkyl group; alternatively, a C, to C,5 substituted
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cycloalkyl group; or alternatively, a C, to C,, substituted
cycloalkyl group. In any aspect or embodiment disclosed
herein, each aryl group attached to the heteroatom of a metal
salt complexing group independently can be a C, to C;, aryl
group; alternatively, a C to C,, aryl group; alternatively, a C
to C, 5 aryl group; or alternatively, a C4 to C, , aryl group. In
any aspect or embodiment disclosed herein, each substituted
aryl group attached to the heteroatom of a metal salt com-
plexing group independently can be a C, to C, substituted
aryl group; alternatively, a C, to C,, substituted aryl group;
alternatively, a C4 to C, 5 substituted aryl group; or alterna-
tively, a C,4 to C,, substituted aryl group. In any aspect or
embodiment disclosed herein, each aralkyl group attached to
the heteroatom of a metal salt complexing group indepen-
dently can be a C, to C,, aralkyl group; alternatively, a C, to
C,, aralkyl group; alternatively, a C, to C, 5 aralkyl group; or
alternatively, a C, to C,, aralkyl group. In any aspect or
embodiment disclosed herein, each substituted aryl group
attached to the heteroatom of a metal complexing group inde-
pendently can be a C,, to C;,, substituted aralkyl group; alter-
natively, a C, to C,, substituted aralkyl group; alternatively, a
C, to C, 5 aralkyl group; or alternatively, C, to C, , substituted
aralkyl group. Each substituent of a general cycloalkyl group,
general aryl group, and/or general aralkyl group can be a
halogen or a hydrocarboxy group; alternatively, a halogen; or
alternatively, a hydrocarboxy group. Substituent halogens,
substituent hydrocarbyl groups, and substituent hydrocar-
boxy groups are independently disclosed herein (e.g. as non-
hydrogen substituents of R groups in the N*-phosphinyl
amidine compound, among other places). These substituent
halogens, substituent hydrocarbyl groups, and substituent
hydrocarboxy can be utilized without limitation to further
describe the metal salt complexing group.

In an embodiment, the metal salt complexing group (Q") of
any N2-phosphinyl amidine compound having a metal salt
complexing group (Q") can have a metal complexing group
structure provided in Table 2.

TABLE 2

Example Metal Salt Complexing Groups, Q.

—OR%! Structure Q1
—SR#2 Structure Q2
—NR#*R#* Structure Q3
—PR2°R%6 Structure Q4
Ra!! Rai3 Structure Q5
quS
N qu7
quS
12 16
R? Rel4 R4
Rei3 R4 Structure Q6
qul qu7
Rq19
—N
RqZO
quZ
quS
R4 Rel6
Rall Ral3 Ra!S Structure Q7

—N%R‘I”

quzéﬁvo
qu qué quS
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TABLE 2-continued

Example Metal Salt Complexing Groups, Q.

Example Metal Salt Complexing Groups, Q'.

qul qu3
quS
17
R#2I—N R?
quS
qu4 qu
Ra3  Rals
qul qu7
Rq19
R#I—N
RqZO
quS
R94  Ral6
Rall Ral3 R713
RqZI—N%RW
%O
qu Rq16 quS
11
0 R?
qu3
Re!12 Re15
RaM4 16 Re17
11
s R?
qu3
Re!12 Rals
R4V R
qul qu3
quS
@]
qu7
Rel4 Re19
R416 RIS R#20
Rq3l Rq33

Rq35

.

Rq32 Rq34

Rq3l Rq33

Rq35

.

Rq32 Rq34

Rq4l

|
Z
)¢

Rq42

Structure Q16

Structure Q8 5

10

Structure Q9

15

Structure Q10 20

Rq45
Rq4 1

Rq43
Rq44

Z
@

\ Rq53

B

g
)
@

RqSZ

Rqél

ﬁ’
e

Rq62
25 Ra61
Structure Q11 S
Rq63
30 Rq62
Rq73 Rq75
Structure Q12
Rq7l Rq77
35
Rq79
N 70
Structure Q13 R?
40
Rq72 Rq78
R4 R976
Structure Q14 ® RT R
Rq7l Rq77
50
Rq79
—FP
Rq70
Structure Q15
55 R472 R978

R4 R976

Structure Q17

Structure Q18

Structure Q19

Structure Q20

Structure Q21

Structure Q22

60 In some embodiments, the metal salt complexing group
can have Structure Q1, Structure Q2, Structure Q3, Structure

Q4, Structure Q5, Structure Q6, Structure Q7, Structure Q8,
Structure Q9, Structure Q10, Structure Q11, Structure Q12,
Structure 13, Structure Q16, Structure Q17, Structure Q18,
65 Structure Q19, or Structure Q20. In other embodiments, the
metal salt complexing group can have Structure Q1, Structure
Q2, Structure Q3, or Structure Q4; alternatively, Structure Q1
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or Structure Q2; alternatively, Structure Q3 or Structure Q4;
alternatively, Structure Q5 or Structure Q6; alternatively,
Structure Q7 or Structure Q10; alternatively, Structure Q8 or
Structure Q9; alternatively, Structure Q11 or Structure Q12;
alternatively, Structure Q11 or Structure Q13; alternatively,
Structure Q19 or Structure Q20; alternatively, Structure Q1;
alternatively, Structure Q2; alternatively, Structure Q3; alter-
natively, Structure Q4; alternatively, Structure Q5; alterna-
tively, Structure Q6; alternatively, Structure Q7; alternatively,
Structure Q8; alternatively, Structure Q9; alternatively, Struc-
ture Q10; alternatively, Structure Q11; alternatively, Struc-
ture Q12; alternatively, Structure 13; alternatively, Structure
Q16; alternatively, Structure Q17; alternatively, Structure
Q18; alternatively, Structure Q19; or alternatively, Structure
Q20. In further embodiments, the metal salt complexing
group can have Structure Q14, Structure Q15, Structure Q21,
or Structure Q22; alternatively, Structure Q14 or Structure
Q15; alternatively, Structure Q21 or Structure Q22; alterna-
tively, Structure Q14; alternatively, Structure Q15; alterna-
tively, Structure Q21; or alternatively, Structure Q22.

In an aspect, R?', R%, R?®>, R?* R?°, and R?° within Struc-
ture Q1, Structure Q2, Structure Q3, and/or Structure Q4 can
be a C, to C,, organyl group consisting essentially of inert
functional groups; alternatively, a C, to C,, organyl group
consisting essentially of inert functional groups; alterna-
tively, aC, to C,, organyl group consisting essentially of inert
functional groups; or alternatively, a C, to C organyl group
consisting essentially of inert functional groups. In another
aspect, R7", R, R”>, R?* R?°, and RS within Structure QI,
Structure Q2, Structure Q3, and/or Structure Q4 canbe a C,
to C,, hydrocarbyl group; alternatively, a C, to C, 5 hydrocar-
byl group; alternatively, a C, to C,, hydrocarbyl group; or
alternatively, a C, to C, hydrocarbyl group.

In an embodiment, R7*, R7?, R, R?*, R?°, and R7° within
Structure Q1, Structure Q2, Structure Q3, and/or Structure
Q4 independently can be a C, to C, alkyl group, a C, to C,,
substituted alkyl group, a C, to C,, cycloalkyl group, a C, to
C,, substituted cycloalkyl group, a C, to C, aryl group, a Cg
to C,q substituted aryl group, a C, to C, aralkyl group, ora C,
to C,, substituted aralkyl group; alternatively, a C, to C,,
alkyl group, a C, to C,, cycloalkyl group, a C, to C,, aryl
group, or a C, to C,, aralkyl group; alternatively, a C, to C,,
alkyl group or a C, to C,, substituted alkyl group; alterna-
tively, a C, to C,, cycloalkyl group or a C, to C, substituted
cycloalkyl group; alternatively, a C, to C,, aryl group ora Cq
to C,, substituted aryl group; alternatively, a C, to C,, aralkyl
group or a C, to C,, substituted aralkyl group; alternatively, a
C, to C,, alkyl group; alternatively, a C, to C,, substituted
alkyl group; alternatively, a C, to C,, cycloalkyl group; alter-
natively, a C, to C,, substituted cycloalkyl group; alterna-
tively, a C4 to C,, aryl group; alternatively, a C, to C,, sub-
stituted aryl group; alternatively, a C, to C,, aralkyl group; or
alternatively, a C, to C,, substituted aralkyl group. In some
embodiments, R}, R%2, R?®, R?%, R?°, and R?° within Struc-
ture Q1, Structure Q2, Structure Q3, and/or Structure Q4
independently can be a C, to C,, alkyl group, a C, to C,,
substituted alkyl group, a C, to C, 5 cycloalkyl group, a C, to
C, 5 substituted cycloalkyl group, a C, to C, 5 aryl group, a Cq
to C, 5 substituted aryl group, aC, to C, s aralkyl group, ora C,
to C, 5 substituted aralkyl group; alternatively, a C, to C,,
alkyl group, a C, to C, 5 cycloalkyl group, a C, to C, 5 aryl
group, or a C, to C, 5 aralkyl group; alternatively,a C, to C,,
alkyl group or a C, to C,, substituted alkyl group; alterna-
tively, a C, to C, 5 cycloalkyl group or a C, to C, 5 substituted
cycloalkyl group; alternatively, a C, to C, 5 aryl group ora Cq
to C, 5 substituted aryl group; alternatively, a C, to C, saralkyl
group ora C, to C 5 substituted aralkyl group; alternatively, a

10

15

20

25

30

35

40

45

50

55

60

65

102

C, to C,, alkyl group; alternatively, a C, to C,,, substituted
alkyl group; alternatively, a C, to C, 5 cycloalkyl group; alter-
natively, a C, to C, 5 substituted cycloalkyl group; alterna-
tively, a C4 to C, 5 aryl group; alternatively, a C, to C, 5 sub-
stituted aryl group; alternatively, a C, to C, 5 aralkyl group; or
alternatively, a C, to C, 5 substituted aralkyl group. In some
embodiments, R}, R%%, R?®, R%%, R%°, and R?° within Struc-
ture Q1, Structure Q2, Structure Q3, and/or Structure Q4
independently can be a C, to C; alkyl group, a C, to Cs
substituted alkyl group, a C, to C,, cycloalkyl group, a C, to
C,, substituted cycloalkyl group, a C, to C, aryl group, a Cq
to C,, substituted aryl group, aC, to C, , aralkyl group, ora C,
to C, , substituted aralkyl group; alternatively, a C, to C5 alkyl
group, a C, to C,, cycloalkyl group, a C, to C, , aryl group, or
aC,to C,, aralkyl group; alternatively, a C, to C, alkyl group
or a C, to C,, substituted alkyl group; alternatively, a C, to
C,, cycloalkyl group or a C, to C,, substituted cycloalkyl
group; alternatively, a C4 to C,, aryl group or a C, to Cj
substituted aryl group; alternatively, a C, to C,, aralkyl group
ora C, to C,, substituted aralkyl group; alternatively, a C, to
C; alkyl group; alternatively, a C, to Cs substituted alkyl
group; alternatively, a C, to C,, cycloalkyl group; alterna-
tively, a C, to C,, substituted cycloalkyl group; alternatively,
a C4 to C, aryl group; alternatively, a C4 to C,, substituted
aryl group; alternatively, a C, to C,, aralkyl group; or alter-
natively, a C, to C,, substituted aralkyl group.

In an embodiment, each group attached to the heteroatom
of a metal salt complexing group or R?!, R?%, R?>, R?*, R%°,
and/or R7° of the metal complexing group having Structures
Q1, Q2, Q3, and/or Q4 independently can be a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
a hexyl group, a heptyl group, an octyl group, a nonyl group,
a decyl group, a undecyl group, a dodecyl group, a tridecyl
group, a tetradecyl group, a pentadecyl group, a hexadecyl
group, a heptadecyl group, an octadecyl group, or anonadecyl
group; or alternatively, a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl group, or a decyl group.
In some embodiments, each group attached to the heteroatom
of a metal salt complexing group or R?!, R?%, R?>, R%*, R%°,
and/or R7° of the metal salt complexing group having Struc-
tures Q1, Q2, Q3, and/or Q4 independently can be a methyl
group, an ethyl group, an n-propyl group, an iso-propyl
group, an n-butyl group, an iso-butyl group, a sec-butyl
group, a tert-butyl group, an n-pentyl group, an iso-pentyl
group, a sec-pentyl group, or a neopentyl group; alternatively,
a methyl group, an ethyl group, an iso-propyl group, a tert-
butyl group, or a neopentyl group; alternatively, a methyl
group; alternatively, an ethyl group; alternatively, an n-propyl
group; alternatively, an iso-propyl group; alternatively, a tert-
butyl group; or alternatively, a neopentyl group. Indepen-
dently, these alkyl group which can be attached to the het-
eroatom of the metal complexing group can be a primary
alkyl group, a secondary hydrocarbyl group, or atertiary alkyl
group; alternatively, a primary alkyl group; alternatively, a
secondary alkyl group; or alternatively, a tertiary alkyl group.
In some embodiments, the alkyl groups which can be utilized
as R7!, R72, R% R7* R?°, and/or R?° of the metal salt com-
plexing group having Structures Q1, Q2, Q3, and/or Q4 can
be substituted. Each substituent of a substituted alkyl group
independently can be a halogen or a hydrocarboxy group;
alternatively, a halogen; or alternatively, a hydrocarboxy
group. Substituent halogens and substituent hydrocarboxy
groups are independently disclosed herein (e.g. as non-hy-
drogen substituents of R' groups in the N*-phosphinyl ami-
dine compound, among other places). These substituent halo-
gens and substituent hydrocarboxy groups can be utilized
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without limitation to further describe a substituted alkyl
group which can be utilized as R?*, R?%, R?%, R?*, R?°, and/or
R7S.

In an embodiment, each group attached to the heteroatom
of a metal salt complexing group or R?!, R?%, R73, R%*, R%°,
and/or R7° of the metal salt complexing group having Struc-
tures Q1, Q2, Q3, and/or Q4 independently can be a cyclobu-
tyl group, a substituted cyclobutyl group, a cyclopentyl
group, a substituted cyclopentyl group, a cyclohexyl group, a
substituted cyclohexyl group, a cycloheptyl group, a substi-
tuted cycloheptyl group, a cyclooctyl group, or a substituted
cyclooctyl group. In some embodiments, each cycloalkyl
group attached to the heteroatom of a metal salt complexing
group can be a cyclopentyl group, a substituted cyclopentyl
group, a cyclohexyl group, or a substituted cyclohexyl group.
In other embodiments, each group attached to the heteroatom
of a metal salt complexing group or R7*, R7% R?>, R7* R?°,
and/or R7° of the metal complexing group having Structures
Q1, Q2, Q3, and/or Q4 independently can be a cyclobutyl
group or a substituted cyclobutyl group; alternatively, a
cyclopentyl group or a substituted cyclopentyl group; alter-
natively, a cyclohexyl group or a substituted cyclohexyl
group; alternatively, a cycloheptyl group or a substituted
cycloheptyl group; or alternatively, a cyclooctyl group, or a
substituted cyclooctyl group. In further embodiments, each
group attached to the heteroatom of a metal salt complexing
group or R7", R72, R?>, R?*, R?®, and/or R? of the metal salt
complexing group having Structures Q1, Q2, Q3, and/or Q4
independently can be a cyclopentyl group; alternatively, a
substituted cyclopentyl group; a cyclohexyl group; or alter-
natively, a substituted cyclohexyl group. Each substituent of a
cycloalkyl group having a specified number of ring carbon
atoms independently can be a halogen, a hydrocarbyl group,
or a hydrocarboxy group; alternatively, a halogen or a hydro-
carbyl group; alternatively, a halogen or a hydrocarboxy
group; alternatively, a halogen; alternatively, a hydrocarbyl
group; or alternatively, a hydrocarboxy group. Substituent
halogens, substituent hydrocarbyl groups, and substituent
hydrocarboxy groups are independently disclosed herein
(e.g. as non-hydrogen substituents of R groups in the
N2-phosphinyl amidine compound, among other places).
These substituent halogens, substituent hydrocarbyl groups,
and substituent hydrocarboxy can be utilized without limita-
tion to further describe a substituted cycloalkyl group (gen-
eral or specific) which can be utilized as a group attached to
the heteroatom of a metal complexing group or utilized R7*,
R?%, R?,R?*, R, and/or R?° of the metal complexing group
having Structures Q1, Q2, Q3, and/or Q4.

In other non-limiting embodiments, each group attached to
the heteroatom of a metal salt complexing group or R7*, R%?,
R?3, R?* R?°, and/or R7° of the metal salt complexing group
having Structures Q1, Q2, Q3, and/or Q4 independently can
be a cyclohexyl group, a 2-alkylcyclohexyl group, or a 2,6-
dialkylcyclohexyl group; alternatively, cyclopentyl group, a
2-alkylcyclopentyl group, or a 2,5-dialkylcyclopentyl group;
alternatively, cyclohexyl group; alternatively, a 2-alkylcyclo-
hexyl group; alternatively, a 2,6-dialkylcyclohexyl group;
alternatively, cyclopentyl group; alternatively, a 2-alkylcy-
clopentyl group; or alternatively, or 2,5-dialkylcyclopentyl
group. Alkyl substituent groups are independently described
herein (e.g. as alkyl substituents of R groups in the N*-phos-
phinyl amidine compound, among other places). These alkyl
substituent groups can be utilized, without limitation, to fur-
ther describe an alkylcyclohexyl, dialkylcyclohexyl, alkylcy-
clopentyl, and/or dialkylcyclopentyl group which can be uti-
lized as a group attached to the heteroatom of a metal salt
complexing group or utilized as R7', R%*, R?, R?*, R?°,
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and/or R7° of the metal salt complexing group having Struc-
tures Q1, Q2, Q3, and/or Q4. Generally, the alkyl substituents
of'a disubstituted cyclohexyl or cyclopentyl group can be the
same; or alternatively, the alkyl substituents of a dialkyl
cyclohexyl or cyclopentyl group can be different.

In a non-limiting embodiment, each group attached to the
heteroatom of a metal salt complexing group or R7*, R?2, R%%,
R, R?, and/or R?® of the metal salt complexing group
having Structures Q1, Q2, Q3, and/or Q4 independently can
be a 2-methylcyclohexyl group, a 2-ethylcyclohexyl group, a
2-isopropylcyclohexyl group, a 2-tert-butylcyclohexyl
group, a 2,6-dimethylcyclohexyl group, a 2,6-diethylcyclo-
hexyl group, a 2,6-diisopropylcyclohexyl group, or a 2,6-di-
tert-butylcyclohexyl group.

In a non-limiting embodiment, each group attached to the
heteroatom of a metal salt complexing group or R7*, R?2, R%%,
R, R?, and/or R?® of the metal salt complexing group
having Structures Q1, Q2, Q3, and/or Q4 independently can
be, a 2-methylcyclohexyl group, a 2-ethylcyclohexyl group, a
2-isopropylcyclohexyl group, or a 2-tert-butylcyclohexyl
group; alternatively, a 2,6-dimethylcyclohexyl group, a 2,6-
diethylcyclohexyl group, a 2,6-diisopropylcyclohexyl group,
or a 2,6-di-tert-butylcyclohexyl group; alternatively, a 2-me-
thylcyclohexyl group; alternatively, a 2-ethylcyclohexyl
group; alternatively, a 2-isopropylcyclohexyl group; alterna-
tively, a 2-tert-butylcyclohexyl group; alternatively, a 2,6-
dimethylcyclohexyl group; alternatively, a 2,6-diethylcyclo-
hexyl group; alternatively, a 2,6-diisopropylcyclohexyl
group; or alternatively, or 2,6-di-tert-butylcyclohexyl group.

In an embodiment, each group attached to the heteroatom
of a metal salt complexing group or R7*, R7% R?®>, R7* R?°,
and/or R7° of the metal complexing salt group having Struc-
tures Q1, Q2, Q3, and/or Q4 independently can be a phenyl
group, a substituted phenyl group, a naphthyl group, or a
substituted naphthyl group; alternatively, a phenyl group or a
substituted phenyl group; alternatively, a naphthyl group or a
substituted naphthyl group; alternatively, a phenyl group or a
naphthyl group; alternatively, a phenyl group; alternatively, a
substituted phenyl group; alternatively, a naphthyl group; or
alternatively, a substituted naphthyl group. In an embodi-
ment, each group attached to the heteroatom of a metal salt
complexing group or R?!, R?%, R?3, R?*, R?°, and/or R?° of
the metal salt complexing group having Structures Q1, Q2,
Q3 and/or Q4 independently can be a 2-substituted phenyl
group, a 3-substituted phenyl group, a 4-substituted phenyl
group, a 2,4-disubstituted phenyl group, a 2,6-disubstituted
phenyl group, a 3,5-disubstituted phenyl group, or a 2,4,6-
trisubstituted phenyl group. In other embodiments, each
group attached to the heteroatom of a metal salt complexing
group or R7", R72, R%>, R?*, R?%, and/or R? of the metal salt
complexing group having Structures Q1, Q2, Q3, and/or Q4
independently can be a 2-substituted phenyl group, a 4-sub-
stituted phenyl group, a 2,4-disubstituted phenyl group, or a
2,6-disubstituted phenyl group; alternatively, a 3-substituted
phenyl group or a 3,5-disubstituted phenyl group; alterna-
tively, a 2-substituted phenyl group or a 4-substituted phenyl
group; alternatively, a 2,4-disubstituted phenyl group or a
2,6-disubstituted phenyl group; alternatively, a 2-substituted
phenyl group; alternatively, a 3-substituted phenyl group;
alternatively, a 4-substituted phenyl group; alternatively, a
2,4-disubstituted phenyl group; alternatively, a 2,6-disubsti-
tuted phenyl group; alternatively, a 3,5-disubstituted phenyl
group; or alternatively, a 2,4,6-trisubstituted phenyl group.
Each substituent of a substituted phenyl group (general or
specific) or a substituted naphthyl group (general of specific)
independently can be a halogen, a hydrocarbyl group, or a
hydrocarboxy group; alternatively, a halogen or a hydrocar-
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byl group; alternatively, a halogen or a hydrocarboxy group;
alternatively, a halogen; alternatively, a hydrocarbyl group; or
alternatively, a hydrocarboxy group. Substituent halogens,
substituent hydrocarbyl groups, and substituent hydrocar-
boxy groups are independently disclosed herein (e.g. as non-
hydrogen substituents of R' groups in the N*-phosphinyl
amidine compound, among other places). These substituent
halogens, substituent hydrocarbyl groups, and substituent
hydrocarboxy can be utilized without limitation to further
describe a substituted phenyl group (general or specific) or a
substituted naphthyl group (general or specific) which can be
utilized as a group attached to the heteroatom of a metal salt
complexing group or R?!, R7%, R?*, R?*, R?°, and/or R7° of
the metal salt complexing group having Structures Q1, Q2,
Q3, and/or Q4.

In a non-limiting embodiment, each group attached to the
heteroatom of a metal salt complexing group or R?*, R7% R%*,
R?*, R?, and/or R?® of the metal salt complexing group
having Structures Q1, Q2, Q3, and/or Q4 independently can
be a phenyl group, a 2-alkylphenyl group, a 3-alkylphenyl
group, a 4-alkylphenyl group, a 2,4-dialkylphenyl group a
2,6-dialkylphenyl group, a 3,5-dialkylphenyl group, ora 2.4,
6-trialkylphenyl group; alternatively, a 2-alkylphenyl group,
a 4-alkylphenyl group, a 2,4-dialkylphenyl group, a 2,6-di-
alkylphenyl group, or a 2,4,6-trialkylphenyl group; alterna-
tively, a 2-alkylphenyl group or a 4-alkylphenyl group; alter-
natively, a 2,4-dialkylphenyl group or a 2,6-dialkylphenyl
group; alternatively, a 3-alkylphenyl group or a 3,5-dialky-
Iphenyl group; alternatively, a 2-alkylphenyl group or a 2,6-
dialkylphenyl group; alternatively, a 2-alkylphenyl group;
alternatively, a 3-alkylphenyl group; alternatively, a 4-alky-
Iphenyl group; alternatively, a 2,4-dialkylphenyl group; alter-
natively, a 2,6-dialkylphenyl group; alternatively, a 3,5-di-
alkylphenyl group; or alternatively, a 2,4,6-trialkylphenyl
group. Alkyl substituent groups are independently described
herein (e.g. as alkyl substituents of R' groups in the N*-phos-
phinyl amidine compound, among other places). These alkyl
substituent groups can be utilized, without limitation, to fur-
ther describe an alkylphenyl, dialkylphenyl, and/or trialky-
Iphenyl groups which can be utilized as a group attached to
the heteroatom of a metal salt complexing group or utilized as
R?!, R?%,R?3, R?*, R?°, and/or R?° of the metal salt complex-
ing group having Structures Q1, Q2, Q3, and/or Q4. Gener-
ally, the alkyl substituents of the dialkylphenyl groups or
trialkyl groups can be the same; or alternatively, the alkyl
substituents of a dialkylphenyl group can be difterent.

In some non-limiting embodiments, each group attached to
the heteroatom of a metal salt complexing group or R7*, R%?,
R?*, R?*, R?°, and/or R?° of the metal salt complexing group
having Structures Q1, Q2, Q3, and/or Q4 independently can
be aphenyl group, a 2-alkoxyphenyl group, a 3-alkoxyphenyl
group, a 4-alkoxyphenyl group, or 3,5-dialkoxyphenyl group;
alternatively, a 2-alkoxyphenyl group or a 4-alkoxyphenyl
group; alternatively, a 3-alkoxyphenyl group or a 3,5-di-
alkoxyphenyl group; alternatively, a 2-alkoxyphenyl group;
alternatively, a 3-alkoxyphenyl group; alternatively, a
4-alkoxyphenyl group; alternatively, a 3,5-dialkoxyphenyl
group. Alkoxy group substituents are independently
described herein (e.g. as alkoxy substituents of R* groups in
the N2-phosphinyl amidine compound, among other places).
These alkoxy substituents can be utilized, without limitation,
to further describe the alkoxyphenyl group(s) and/or dialkox-
yphenyl group(s) which can be utilized as a group attached to
the heteroatom of a metal salt complexing group or utilized as
R, R??,R?*, R?*, R?°, and/or R?° of the metal salt complex-
ing group having Structures Q1, Q2, Q3, and/or Q4. Gener-
ally, the alkoxy substituents of a dialkoxyphenyl groups can
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be the same; or alternatively, the alkoxy substituents of a
dialkoxyphenyl group can be different.

In other non-limiting embodiments, each group attached to
the heteroatom of a metal salt complexing group or R7*, R%?,
R?*, R?*, R?%, and/or R?° of the metal salt complexing group
having Structures Q1, Q2, Q3, and/or Q4 independently can
be a phenyl group, a 2-halophenyl group, a 3-halophenyl
group, a 4-halophenyl group, a 2,6-dihalophenyl group, or a
3,5-dialkylphenyl group; alternatively, a 2-halophenyl group,
a 4-halophenyl group, or a 2,6-dihalophenyl group; alterna-
tively, a 2-halophenyl group or a 4-halophenyl group; alter-
natively, a 3-halophenyl group or a 3,5-dihalophenyl group;
alternatively, a 2-halophenyl group; alternatively, a
3-halophenyl group; alternatively, a 4-halophenyl group;
alternatively, a 2,6-dihalophenyl group; or alternatively, a
3,5-dihalophenyl group. Halide substituents are indepen-
dently described herein (e.g. as halide substituents of R'
groups in the NZ-phosphinyl amidine compound, among
other places). These halide substituents can be utilized, with-
out limitation, to further describe a halophenyl group and/or
a dihalophenyl group which can be utilized as a group
attached to the heteroatom of a metal complexing group or
utilized R, R?%, R%3, R?*, R?°, and/or R?% of the metal
complexing group having Structures Q1, Q2, Q3, and/or Q4.
Generally, the halides of a dihalophenyl group can be the
same; or alternatively, the halides of a dihalophenyl group can
be different.

In a non-limiting embodiment, each group attached to the
heteroatom of a metal salt complexing group or R?*, R7% R%*,
R?*, R?°, and/or R?¢ of the metal salt complexing group
having Structures Q1, Q2, Q3, and/or Q4 independently can
be a phenyl group, a 2-methylphenyl group, a 2-ethylphenyl
group, a 2-n-propylphenyl group, a 2-isopropylphenyl group,
a 2-tert-butylphenyl group, a 3-methylphenyl group, a 2,6-
dimethylphenyl group, a 2,6-diethylphenyl group, a 2,6-di-n-
propylphenyl group, a 2,6-diisopropylphenyl group, a 2,6-di-
tert-butylphenyl group, a 2-isopropyl-6-methylphenyl group,
a3,5-dimethyl group, or a 2,4,6-trimethylphenyl group; alter-
natively, a 2-methylphenyl group, a 2-ethylphenyl group, a
2-n-propylphenyl group, a 2-isopropylphenyl group, or a
2-tert-butylphenyl group; alternatively, a 2,6-dimethylphenyl
group, a 2,6-diethylphenyl group, a 2,6-di-n-propylphenyl
group, a 2,6-diisopropylphenyl group, a 2,6-di-tert-butylphe-
nyl group, or a 2-isopropyl-6-methylphenyl group; alterna-
tively, a 2-methylphenyl group; alternatively, a 2-ethylphenyl
group; alternatively, a 2-n-propylphenyl group; alternatively,
a 2-isopropylphenyl group; alternatively, a 2-tert-butylphenyl
group; alternatively, a 3-methylphenyl group; alternatively, a
2,6-dimethylphenyl group; alternatively, a 2,6-diethylphenyl
group; alternatively, a 2,6-di-n-propylphenyl group; alterna-
tively, a 2,6-diisopropylphenyl group; alternatively, a 2,6-di-
tert-butylphenyl group; alternatively, a 2-isopropyl-6-meth-
ylphenyl group; alternatively, a 3,5-dimethylphenyl group; or
alternatively, a 2,4,6-trimethylphenyl group. In some non-
limiting embodiments, each group attached to the heteroatom
of a metal salt complexing group or R?!, R?%, R?>, R?*, R%°,
and/or R7° of the metal salt complexing group having Struc-
tures Q1, Q2, Q3, and/or Q4 independently can be a phenyl
group, a 3-methoxyphenyl group, a 3-ethoxyphenyl group, a
3-isopropoxypheny group, a 3-tert-butoxyphenyl group, a
4-methoxyphenyl group, a 4-ethoxyphenyl group, a 4-isopro-
poxyphenyl group, a 4-tert-butoxyphenyl group, a 3,5-
dimethoxyphenyl group, a 3,5-diethoxyphenyl group, a 3,5-
diisopropoxyphenyl group, or a 3,5-di-tert-butoxyphenyl
group; alternatively, 3-methoxyphenyl group, a 3-ethoxyphe-
nyl group, a 3-isopropoxyphenyl group, or a 3-tert-butox-
yphenyl group; alternatively, a 4-methoxyphenyl group, a
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4-ethoxyphenyl group, a 4-isopropoxyphenyl group, or a
4-tert-butoxyphenyl group; or alternatively, a 3,5-dimethox-
yphenyl group, a 3,5-diethoxyphenyl group, a 3,5-diisopro-
poxyphenyl group, or a 3,5-di-tert-butoxyphenyl group. In
other non-limiting embodiments, each group attached to the
heteroatom of a metal complexing group or R?', R??, R,
R?* R?°, and/or R?° of the metal complexing group having
Structures Q1, Q2, Q3, and/or Q4 independently can be a
3-methoxyphenyl group; alternatively, a 3-ethoxyphenyl
group; alternatively, a 3-isopropoxyphenyl group; alterna-
tively, a 3-tert-butoxyphenyl group; alternatively, a 4-meth-
oxyphenyl group; alternatively, a 4-ethoxyphenyl group;
alternatively, a 4-isopropoxyphenyl group; alternatively, a
4-tert-butoxyphenyl group; alternatively, a 3,5-dimethox-
yphenyl group; alternatively, a 3,5-diethoxyphenyl group;
alternatively, a 3,5-diisopropoxyphenyl group; or alterna-
tively, a 3,5-di-tert-butoxyphenyl group.

In an embodiment, each group attached to the heteroatom
of a metal salt complexing group or R?!, R?%, R73, R%*, R%°,
and/or R7° of the metal salt complexing group having Struc-
tures Q1, Q2, Q3, and/or Q4 independently can be a benzyl
group, a substituted benzyl group, a 2-phenylethyl group, or
a l-phenylethyl group. In some embodiments, each group
attached to the heteroatom of a metal salt complexing group
or R7', R??, R” R%* R?°, and/or R?® of the metal salt com-
plexing group having Structures Q1, Q2, Q3, and/or Q4 inde-
pendently can be a benzyl group or a substituted benzyl
group; alternatively, a benzyl group; alternatively, a substi-
tuted benzyl group; alternatively, a 2-phenylethyl group; or
alternatively, a 1-phenylethyl group. Each substituent of a
substituted benzyl group (general or specific) independently
can be a halogen, a hydrocarbyl group, or a hydrocarboxy
group; alternatively, a halogen or a hydrocarbyl group; alter-
natively, a halogen or a hydrocarboxy group; alternatively, a
halogen; alternatively, a hydrocarbyl group; or alternatively, a
hydrocarboxy group. Substituent halogens, substituent
hydrocarbyl groups, and substituent hydrocarboxy groups are
independently disclosed herein (e.g. as non-hydrogen sub-
stituents of R* groups in the N*-phosphinyl amidine com-
pound, among other places). These substituent can be utilized
without limitation to further describe a substituted benzyl
group (general or specific) which can be utilized as a group
attached to the heteroatom of a metal salt complexing group
or R7', R??, R” R%* R?°, and/or R?® of the metal salt com-
plexing group having Structures Q1, Q2, Q3, and/or Q4.

In an aspect, R7*' of the metal salt complexing groups
having Structure Q8, Structure Q9, or Structure Q10 can be a
C, to C,, hydrocarbyl group; alternatively, a C, to C, 5 hydro-
carbyl group; alternatively, a C, to C,, hydrocarbyl group; or
alternatively, a C, to C hydrocarbyl group. In some embodi-
ments, R?! of the metal salt complexing groups having
Structure Q8, Structure Q9, or Structure Q10 can be a C, to
C,qalkyl group, a C, to C,, cycloalkyl group, a C4to C, aryl
group, or a C, to C,, aralkyl group; alternatively, a C, to C,,
alkyl group; alternatively, a C, to C,,, cycloalkyl group; alter-
natively, a C, to C,, aryl group; or alternatively, a C, to C,,
aralkyl group. In some embodiments, R7*! of the metal salt
complexing groups having Structure Q8, Structure Q9, or
Structure Q10 can be a C, to C,, alkyl group, a C, to C, 5
cycloalkyl group, aCgto C, 5 aryl group, ora C, to C 5 aralkyl
group; alternatively, a C, to C,, alkyl group; alternatively, a
C, to C,5 cycloalkyl group; alternatively, a C4 to C,5 aryl
group; or alternatively, a C, to C,5 aralkyl group. In other
embodiments, R7>! of the metal salt complexing groups hav-
ing Structure Q8, Structure Q9, or Structure Q10 canbe a C,
to Cy alkyl group, a C, to C,, cycloalkyl group, a C, to C,,
aryl group, or a C, to C,, aralkyl group; alternatively, a C, to
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C; alkyl group; alternatively, a C, to C,, cycloalkyl group;
alternatively, a C, to C,, aryl group; or alternatively, a C, to
C,, aralkyl group. General and specific alkyl groups,
cycloalkyl groups, aryl group, and aralkyl groups have been
described herein as groups which can be utilized as a group
attached to the heteroatom of a metal salt complexing group
or as R?', R??, R?®, R?%, R%°, and/or R%% of the metal salt
complexing group having Structures Q1, Q2, Q3, and/or Q4.
These general and specific alkyl groups, cycloalkyl groups,
aryl group, and aralkyl groups can be utilized, without limi-
tation, as R7?! of the metal salt complexing groups having
Structure Q8, Structure Q9, or Structure Q10.

In an aspect, each R7*!, R?'2 R7!3 R7'* R7'5 R716 R77,
quS Rq19 Rq20 Rq3l Rq32 Rq33 Rq34 Rq35 Rq4l Rq42
Rq43 Rq44 Rq45 RqSl Rq52 Rq53 Rq54 Rq6l Rq62 Rq63
Rq7l Rq72 Rq73 Rq74 Rq75 Rq76 Rq77 Rq78 Rq79 and/Or
Rq80 of Structures Q5-Q22 independently can be a hydrogen
or a non-hydrogen substituent group. Each R7!'-R72°, R7>!.
Rq35, Rq4l_Rq45, RqSl_Rq54, Rq6l_Rq63, and/or Rq7l_Rq80
non-hydrogen substituent utilized in the metal salt complex-
ing groups having Structures Q5-Q22 can be a halogen, a
hydrocarbyl group, or a hydrocarboxy group; alternatively, a
halogen or a hydrocarbyl group; alternatively, a halogen or a
hydrocarboxy group; alternatively, a halogen; alternatively, a
hydrocarbyl group; or alternatively, a hydrocarboxy group.
Substituent halogens, substituent hydrocarbyl groups, and
substituent hydrocarboxy groups are independently disclosed
herein (e.g. as non-hydrogen substituents R in the N*-phos-
phinyl amidine compound, among other places). These sub-
stituent halogens, substituent hydrocarbyl groups, and sub-
stituent hydrocarboxy can be utilized without limitation to
further describe a R7'!-R%%°, R?#*1.R73> R?*!.R9*> R7°l-
R#>* R75*-R5%, and/or R?"*-R?*° non-hydrogen substituent
utilized in the metal complexing groups having Structures
Q5-Q22.

The linking group (L?) linking the metal salt complexing
group to the N-phosphinyl amidine group or linking the
metal salt complexing group to the N' nitrogen atom of the
NZ2-phosphinyl amidine group can be a bond or an organyl
group; alternatively, a bond or an organyl group consisting of
inert functional groups; or alternatively, a bond or a hydro-
carbyl group. In other embodiments, the linking group can be
abond; alternatively, an organyl group; alternatively, an orga-
nyl group consisting of inert functional groups; or alterna-
tively, a hydrocarbyl group. In any aspect or embodiment
disclosed herein, the organyl linking group linking the metal
salt complexing group to the N>-phosphinyl amidine group or
linking the metal salt complexing group to the N* nitrogen
atom of the N*-phosphinyl amidine group can be a C, to C
organyl group; or alternatively, a C, to C; organyl group. In
any aspect or embodiment disclosed herein, the organyl con-
sisting of inert functional groups linking the metal salt com-
plexing group to the N2-phosphinyl amidine group or linking
the metal salt complexing group to the N* nitrogen atom of the
NZ2-phosphinyl amidine group can be a C, to C,, organyl
group consisting of inert functional groups; or alternatively, a
C, to C, organyl group consisting of inert functional groups.
In any aspect or embodiment disclosed herein, the hydrocar-
byl linking group linking the metal salt complexing group to
the N2-phosphinyl amidine group or linking the metal salt
complexing group to the N' nitrogen atom of the N*-phos-
phinyl amidine group can be a C, to C,, hydrocarbyl group;
or alternatively, a C, to C, hydrocarbyl group.

In some embodiments, the linking group linking the metal
salt complexing group to the N*-phosphinyl amidine group or
linking the metal salt complexing group to the N* nitrogen
atom of the NZ-phosphinyl amidine group can be
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—(CR'™R'™), — where each R'™ and R'™ independently
can be hydrogen, a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, or an n-butyl group and m can be
an integer from 1 to 5. In other embodiments, the linking
group can be a methylene group (—CH,—), an eth-1,2-ylene
group (—CH,CH,—), a  prop-1,3-ylene  group
(—CH,CH,CH,—), a 1-methyleth-1,2-ylene group (—CH
(CH;)CH,—), dimethylmethylene group (—C(CH;),—), a
but-1,4-ylene group (—CH,CH,CH,CH,—), or a phen-1,2-
ylene group. In some non-limiting embodiments, the linking
group linking the metal salt complexing group to the
N2-phosphinyl amidine group or linking the metal salt com-
plexing group to the N* nitrogen atom of the N-phosphinyl
amidine group can be a methylene group (—CH,—), an
eth-1,2-ylene group (—CH,CH,—), a prop-1,3-ylene group
(—CH,CH,CH,—), or a phen-1,2-ylene group; alterna-
tively, a methylene group (—CH,—), an eth-1,2-ylene group
(—CH,CH,—), or a phen-1,2-ylene group; alternatively, an
ethylene group (—CH,CH,—) or a propylene group
(—CH,CH,CH,—); alternatively, an eth-1,2-ylene group
(—CH,CH,—) or a phen-1,2-ylene group; alternatively, a
methylene group (—CH,—); alternatively, an eth-1,2-ylene
group (—CH,CH,—); alternatively, a prop-1,3-ylene group
(—CH,CH,CH,—); or alternatively, a phen-1,2-ylene
group.

In some embodiments, the linking group can have any
structure indicated in Table 3. Within the structures of Table 3,
the undesignated valancies are the points of attachment for
the N2-phosphinyl amidine group (or the N* nitrogen atom of
the N2-phosphinyl amidine group) and the metal salt com-
plexing group; each R*” and/or R*™’ can independently be
hydrogen, a methyl group, or an ethyl group; and m can be an
integer ranging from 1 to 5. In further embodiments, m can be
an integer ranging from 1 to 3; alternatively, m can be 2 or 3;
alternatively, m can be 1; alternatively, m can be 2; or alter-
natively, m can be 3.

TABLE 3
Example Linking Groups
—(CRZ"R>™, Structure 1QL
—(CH,),,— Structure 2QL
—(CH,)— Structure 3QL
—(CH,CH,)— Structure 4QL
Structure SQL
R RL!
RE3 RL2

In some embodiments, the linking group can have Structure
1QL, Structure 2QL, Structure 3QL, Structure 4QL or Struc-
ture 5QL. In some embodiments, the linking group can have
Structure 4QL or Structure SQL. In other embodiments, the
linking group can have Structure 2QL; alternatively, Struc-
ture 3QL; alternatively, Structure 4QL; or alternatively,
Structure 5QL.

Generally, when an N?-phosphinyl amidine compound
contains a metal salt complexing group and linking group, the
metal salt complexing group and linking group are indepen-
dent elements of an N2-phosphinyl amidine compound. Con-
sequently, the N2-phosphinyl amidine compound can be
described as having any combination of a metal salt complex-
ing group described herein and a linking group described
herein. In a non-limiting embodiment, when the heteroatom
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of the metal complexing is not contained in a ring or a ring
system, the linking group linking the metal salt complexing
group to the N-phosphinyl amidine group or linking the
metal salt complexing group to the N' nitrogen atom of the
N2-phosphinyl amidine group can be a methylene group
(—CH,—), an eth-1,2-ylene group (—CH,CH,—), a prop-
1,3-ylene group (—CH,CH,CH,—), or a phen-1,2-ylene
group; alternatively, an ethylene group (—CH,CH,—), or a
propylene group (—CH,CH,CH,—); alternatively, an eth-1,
2-ylene group (—CH,CH,—) or a phen-1,2-ylene group;
alternatively, a methylene group (—CH,—); alternatively, an
eth-1,2-ylene group (—CH,CH,—); alternatively, a prop-1,
3-ylene group (—CH,CH,CH,—); or alternatively, a phen-
1,2-ylene group. In another non-limiting embodiment, when
the heteroatom of the metal salt complexing group is con-
tained within a ring, the linking group linking the metal salt
complexing group to the N*-phosphinyl amidine group or
linking the metal salt complexing group to the N' nitrogen
atom of the N*-phosphinyl amidine group can be a bond or a
methylene group; alternatively, a bond; or alternatively, a
methylene group.

In an aspect, this disclosure provides for an N>-phosphinyl
amidine metal salt complex. Generally, the N2-phosphinyl
amidine metal salt complex can comprise a metal salt com-
plexed to an N>-phosphinyl amidine compound. In some
embodiments, the N*-phosphinyl amidine metal salt complex
can further comprise a neutral ligand, Q. N*-phosphinyl ami-
dine compounds are generally described herein and can be
utilized, without limitation, to further describe the N*-phos-
phinyl amidine metal salt complex comprising a metal salt
complexed to an NZ-phosphinyl amidine compound. In an
embodiment, the N*-phosphinyl amidine metal salt complex
can have Structure MC1, MC2, MC3, MC4, MC5, MC6,
MC7, MCS8, MC9, MC10, MC11, MC13, MC15, MC16,
MC18, or MC20; alternatively, Structure MC1, MC2, MC3,
MC4, or MCS; alternatively, MC6, MC7, MC8, MC9, or
MC10; alternatively, MC11, MC13, or MC15; alternatively,
MC16, MC18, or MC20; alternatively, Structure MC1; alter-
natively, Structure MC2; alternatively, Structure MC3; alter-
natively, Structure MC4; alternatively, Structure MCS5; alter-
natively, MC6; alternatively, MC7; alternatively, MCS;
alternatively, MC9; alternatively, MC10; alternatively, Struc-
ture MC11; alternatively, Structure MC13; alternatively,
Structure MC15; alternatively, MC16; alternatively, MC18;
or alternatively, MC20. In an embodiment, the N-phosphiny]
amidine metal salt complexcomprising only one N2-phosphi-
nyl amidine group complexed to metal salt can be character-
ized by having the Structure MC1, MC6, MC11, or MC16;
alternatively, Structure MC1 or MC6; alternatively, Structure
MC11 or MC16; alternatively, Structure MC1 or MC11; or
alternatively, Structure MC6 or MC16. In an embodiment, the
N2-phosphinyl amidine metal salt complex comprising only
two N2-phosphinyl amidine groups complexed to a metal salt
can be characterized by having Structure MC2, MC3, MC8,
MC13, or MC18; alternatively, Structure MC2, MC3, or
MCS8; alternatively, Structure MC13, or MC18; alternatively,
Structure MC2 or MC3; alternatively, Structure MC3 or
MC13; or alternatively, Structure MC8 or MC18. In other
embodiments, N*-phosphinyl amidine metal salt complex
compounds having at least one N?-phosphinyl amidine group
complexed to a metal salt can be characterized by having the
Structure MC4, MCS5, MC9, MC10, MC15, or MC20; alter-
natively, Structure MC4, MC5, MC9, or MC10; alternatively,
Structure MC15, or MC20; alternatively, Structure MC4 or
MCS5; alternatively, Structure MC9 or MC10; alternatively,
Structure MC5 or MC15; or alternatively, Structure MC10 or
MC20.
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Structures MC1-MC10, MC11, MC13, MC15, MCI16,
MC18, and/or MC20 are independently described herein and
these description can be utilized in any combination to further
describe the N2-phosphinyl amidine metal salt complexes of
this disclosure. Generally, MX,, or MX,Q,, represents the
metal salt of the metal complex, Q represents a neutral ligand,
and a represents the number of neutral ligands in the N*-phos-
phinyl amidine metal salt complex. The N>-phosphinyl ami-
dine compound features R*,R*,R?,R*,R>, D', D?, L}, L% L?,
Q' q, and r are described for N2-phosphinyl amidine com-
pounds having Structures Structures NP1-NP10, NP11,
NP13,NP15,NP16,NP18, and/or NP20 can be utilized with-
out limitation to describe the N*-phosphinyl amidine metal
salt complexes having Structures Structures MC1-MC10,
MC11, MC13, MC15, MC16, MC18, and/or MC20.

Generally, the metal salt, MX, or MX,,Q,,, of the N*-phos-
phinyl amidine metal salt complex comprising a metal salt
complexed to an N2-phosphinyl amidine compound can com-
prise a cationic metal, M, and a monoanionic ligand, X. In
some embodiments, the metal salt can further comprises a
neutral ligand which may or may not be present in the
N2-phosphinyl amidine metal salt complex comprising a
metal salt complexed to an N*-phosphinyl amidine com-
pound.

Generally, the metal atom of the metal salt, MX,, or MX,,Q,
can be any metal atom. In an aspect, the metal atom of the
metal salt can be a transition metal. In an embodiment, suit-
able metal salts can comprise, or consist essentially of, a
Group 3-12 transition metal; alternatively, a Group 4-10 tran-
sition metal; alternatively, a Group 6-9 transition metal; alter-
natively, a Group 7-8 transition metal; alternatively, a Group
4 transition metal; alternatively, a Group 5 transition metal
alternatively, a Group 6 transition metal; alternatively, a
Group 7 transition metal; alternatively, a Group 8 transition
metal; alternatively, a Group 9 transition metal; or alterna-
tively, a Group 10 transition metal. In some embodiments, the
metal salt can comprise titanium, zirconium, hafnium, vana-
dium, niobium, tantalum, chromium, molybdenum, tungsten,
manganese, iron, cobalt, nickel, palladium, platinum, copper,
or zinc. In other embodiments, the metal salt can comprise
titanium, zirconium, vanadium, chromium, molybdenum,
tungsten, iron, cobalt, nickel, palladium, or platinum; alter-
natively, chromium, iron, cobalt, or nickel; alternatively, tita-
nium, zirconium or hafnium; alternatively, vanadium or nio-
bium; alternatively, chromium, molybdenum or tungsten;
alternatively, iron or cobalt; or alternatively, nickel, palla-
dium, platinum, copper, or zinc. In other embodiments, the
metal salt can comprise titanium; alternatively, zirconium;
alternatively, hafnium; alternatively, vanadium; alternatively,
niobium; alternatively, tantalum; alternatively, chromium;
alternatively, molybdenum; alternatively, tungsten; alterna-
tively, manganese; alternatively, iron; alternatively, cobalt;
alternatively, nickel; alternatively, palladium; alternatively,
platinum; alternatively, copper; or alternatively, zinc.

Generally, the metal atom of the transition metal salt, MX,,
or MX,,Q, can have any positive oxidation state available to
the metal atom. In an embodiment, the transition metal can
have an oxidation state of from +2 to +6; alternatively, from
+2 to +4; or alternatively, from +2 to +3. In some embodi-
ments, the metal atom of the transition metal salt, MX,, or
MX,Q, can have an oxidation state or +1; alternatively, +2;
alternatively, +3; or alternatively, +4.

The anion X, of the transition metal salt can be any
monoanion. In an embodiment, the monoanion, X, can be a
halide, a carboxylate, a p-diketonate, a hydrcarboxide, a
nitrate, or a chlorate. In some embodiments, the monoanion,
X, can be a halide, a carboxylate, a §-diketonate, or a hydro-
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carboxide. In any aspect or embodiment, the hydrocarboxide
can be an aloxide, an aryloxide, or an aralkoxide. Generally,
hydrocarboxide (and subdivisions of hydrocarboxide) are the
anion analogues of the hydrocarboxy group. In other embodi-
ments, the monoanion, X, can be a halide, a carboxylate, a
[p-diketonate, or an alkoxide; or alternatively, a halide or a
[p-diketonate. In other embodiments, the monoanion X can be
a halide; alternatively, a carboxylate; alternatively, a p-dike-
tonate; alternatively, a hydrocarboxide; alternatively, an
alkoxide; or alternatively, an aryloxide. Generally, the num-
ber, p, of monoanions, X, can equal the oxidation state of the
metal atom. In an embodiment, the number, p, of monoan-
ions, X, can be from 2 to 6; alternatively, from 2 to 4; alter-
natively, from 2 to 3; alternatively, 1; alternatively, 2; alter-
natively, 3; or alternatively, 4.

Generally, each halide monoanion independently can be
fluorine, chlorine, bromine, or iodine; or alternatively, chlo-
rine, bromine, or iodine. In an embodiment, each halide
monoanion can be chlorine; alternatively, bromine; or alter-
natively, iodine.

Generally, the carboxylate, a -diketonate, hydrocarbox-
ide (also alkoxide, aryloxide, or aralkoxide) can be any C, to
C,, carboxylate, a 3-diketonate, hydrocarboxide (also alkox-
ide, aryloxide or aralkoxide); or alternatively, any C, to C,,
carboxylate, a p-diketonate, hydrocarboxide (also alkoxide,
aryloxide, or aralkoxide). In some embodiments, the anion,
X, can be a C, to C,, carboxylate; alternatively, a C, to C,,,
carboxylate; alternatively, a C, to C,, f-diketonate; alterna-
tively, a C, to C,, P-diketonate; alternatively, a C, to C,,
hydrocarboxide; alternatively, a C, to C,,, hydrocarboxide;
alternatively, a C, to C,, alkoxide; alternatively, a C, to C,,
alkoxide; alternatively, a Cq to C, aryloxide; or alternatively,
a Cyto C, aryloxide.

In an aspect, each carboxylate monoanion independently
can be acetate, a propionate, a butyrate, a pentanoate, a hex-
anoate, a heptanoate, an octanoate, a nonanoate, a decanoate,
an undecanoate, a dodecanoate, a tridecanoate, a tetrade-
canoate, a pentadecanoate, a hexadecanoate, a heptade-
canoate, or an octadecanoate; or alternatively, a pentanoate, a
hexanoate, a heptanoate, a octanoate, a nonanoate, a
decanoate, a undecanoate, or a dodecanoate. In an embodi-
ment, each carboxylate monoanion independently can be
acetate, propionate, n-butyrate, valerate (n-pentanoate), neo-
pentanoate, capronate (n-hexanoate), n-heptanoate, caprylate
(n-octanoate), 2-ethylhexanoate, n-nonanoate, caprate (n-de-
canoate), n-undecanoate, laurate (n-dodecanoate), or stearate
(n-octadecanoate); alternatively, valerate (n-pentanoate),
neo-pentanoate, capronate (n-hexanoate), n-heptanoate,
caprylate (n-octanoate), 2-ethylhexanoate, n-nonanoate,
caprate (n-decanoate), n-undecanoate, or laurate (n-dode-
canoate); alternatively, capronate (n-hexanoate); alterna-
tively, n-heptanoate; alternatively, caprylate (n-octanoate); or
alternatively, 2-ethylhexanoate. In some embodiments, the
carboxylate anion can be triflate (trifluoroacetate).

In an aspect, each p-diketonate independently can be
acetylacetonate (alternatively, 2,4-pentanedionate),
hexafluoroacetylacetone (alternatively, 1,1,1,5,5,5-
hexafluoro-2,4-pentanediuonate, or benzoylacetonate); alter-
natively, acetylacetonate; alternatively, hexafluoroacetylac-
etone; or alternatively, benzoylacetonate. In an aspect, each
alkoxide monoanion independently can be methoxide, ethox-
ide, a propoxide, or a butoxide. In an embodiment, each
alkoxide monoanion independently can be methoxide, ethox-
ide, isopropoxide, or tert-butoxide; alternatively, methoxide;
alternatively, an ethoxide; alternatively, an iso-propoxide; or
alternatively, a tert-butoxide. In an aspect, the aryloxide can
be phenoxide.



US 9,283,555 B2

115

Generally, neutral ligand of the transition metal salt or the
N2-phosphinyl amidine metal salt complex comprising a
transition metal salt complexed to an N2-phosphinyl amidine
compound, if present, independently can be any neutral
ligand that forms an isolatable compound of the metal salt or
N2-phosphinyl amidine metal salt complex comprising a
transition metal salt complexed to an N*-phosphinyl amidine
compound. In an aspect, each neutral ligand independently
can be a nitrile or an ether. In an embodiment, the neutral
ligand can be a nitrile; or alternatively, an ether. The number
of neutral ligands, a, of the metal salt or N*-phosphinyl ami-
dine metal salt complex comprising transition metal salt com-
plexed to an N*-phosphinyl amidine compound can be any
number that forms an isolatable metal salt or N*-phosphinyl
amidine metal salt complex comprising a transition metal salt
complexed to an N*-phosphinyl amidine compound. In an
aspect, the number of neutral ligands can be from O to 6;
alternatively, 0 to 3; alternatively, 0; alternatively, 1; alterna-
tively, 2; alternatively, 3; or alternatively, 4. It should be noted
that the neutral ligand of the N*-phosphinyl amidine metal
salt complex comprising a transition metal salt complexed to
an N2-phosphinyl amidine compound does not have to be the
same, if present, as the neutral ligand of the transition metal
salt used to form the N*-phosphinyl amidine metal salt com-
plex. Additionally, a metal salt not having a neutral ligan can
be utilized to prepare an N*-phosphinyl amidine metal salt
complex comprising a transition metal salt complexed to an
N2-phosphinyl amidine compound having a neutral ligand.

Generally, each neutral nitrile ligand independently can be
a C, to C,, nitrile; or alternatively, a C, to C,, nitrile. In an
embodiment, each neutral nitrile ligand independently can be
a C,-C,,, aliphatic nitrile, a C,-C,, aromatic nitrile, a C¢-C,
aralkane nitrile, or any combination thereof; alternatively, a
C,-C,, aliphatic nitrile; alternatively, a C,-C,, aromatic
nitrile; or alternatively, a C4-C,,, aralkane nitrile. In some
embodiments, each neutral nitrile ligand independently can
be a C,-C,, aliphatic nitrile, a C,-C,, aromatic nitrile, a
Cg-C, aralkane nitrile, or any combination thereof; alterna-
tively, a C,-C,,, aliphatic nitrile; alternatively, a C,-C,, aro-
matic nitrile; or alternatively, a C,-C, , aralkane nitrile.

In an embodiment, each aliphatic nitrile independently can
be acetonitrile, propionitrile, a butyronitrile, or any combina-
tion thereof; alternatively, acetonitrile; alternatively, propi-
onitrile; alternatively, or a butyronitrile. In an embodiment,
each aromatic nitrile independently can be benzonitrile,
2-methylbenzonitrile, 3-methylbenzonitrile, 4-methylben-
zonitrile, 2-ethylbenzonitrile, 3-ethylbenzonitrile, 4-ethyl-
benzonitrile, or any combination thereof; alternatively, ben-
zonitrile; alternatively, 2-methylbenzonitrile; alternatively,
3-methylbenzonitrile; alternatively, 4-methylbenzonitrile;
alternatively, 2-ethylbenzonitrile; alternatively, 3-ethylben-
zonitrile; or alternatively, 4-ethylbenzonitrile.

Generally, each neutral ether ligand independently can be a
C, to C,, ether; alternatively, a C, to C,, ether; or alterna-
tively, a C, to C,, ether. In an embodiment, neutral ligand
indendently can be a C, to C,, aliphatic acyclic ether, a C; to
C,, aliphatic cyclic ether, a C, to C,, aromatic cyclic ether, or
a C,, to C,, diaryl ether; alternatively, a C, to C,, aliphatic
acyclic ether; alternatively, a C; to C,, aliphatic cyclic ether;
alternatively, a C, to C,, aromatic cyclic ether; or alterna-
tively, a C,, to C,, diary] ether. In some embodiments, each
neutral ligand independently can be a C, to C,, aliphatic
acyclic ether, a C; to C;, aliphatic cyclic ether, a C, to C;,
aromatic cyclic ether, or a C,, to C;, diaryl ether; alterna-
tively, a C, to C,, aliphatic acyclic ether; alternatively, a C; to
C,, aliphatic cyclic ether; alternatively, a C, to C;, aromatic
cyclic ether; or alternatively, a C, , to C;, diaryl ether. In other
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embodiments, each neutral ligand independently can be a C,
to C,, aliphatic acyclic ether, a C; to C,, aliphatic cyclic ether,
a C, to C,, aromatic cyclic ether, ora C,, to C,, diaryl ether;
alternatively, a C, to C,, aliphatic acyclic ether; alternatively,
a C; to C, aliphatic cyclic ether; alternatively, a C, to C,,
aromatic cyclic ether; or alternatively, a C,, to C,, diaryl
ether.

In an embodiment, the aliphatic acyclic ether can be dim-
ethyl ether, diethyl ether, a dipropyl ether, a dibutyl ether,
methyl ethyl ether, a methyl propyl ether, a methyl butyl ether,
or any combination thereof. In some embodiments, the ali-
phatic acyclic ether can be dimethyl ether; alternatively,
diethyl ether; alternatively, a dipropyl ether; alternatively, a
dibutyl ether; alternatively, methyl ethyl ether; alternatively, a
methyl propyl ether; or alternatively, a methyl butyl ether.

In an embodiment, the aliphatic cyclic ether can be tetrahy-
drofuran, a substituted tetrahydrofuran, a dihydrofuran, a
substituted dihydrofuran, 1,3-dioxolane, a substituted 1,3-
dioxolane, tetrahydropyran, a substituted tetrahydropyran, a
dihydropyran, a substituted dihydropyran, pyran, a substi-
tuted pyran, a dioxane, or a substituted dioxane; alternatively,
tetrahydrofuran or a substituted tetrahydrofuran; alterna-
tively, a dihydrofuran or a substituted dihydrofuran; alterna-
tively, 1,3-dioxolane or a substituted 1,3-dioxolane; alterna-
tively, tetrahydropyran or a substituted tetrahydropyran;
alternatively, a dihydropyran or a substituted dihydropyran;
alternatively, pyran or a substituted pyran; or alternatively, a
dioxane or a substituted dioxane. In some embodiments, the
aliphatic cyclic ether can be tetrahydrofuran, tetrahydropy-
ran, or dioxane, or any combination thereof; alternatively,
tetrahydrofuran; alternatively, tetrahydropyran; or alterna-
tively, dioxane.

In an embodiment, the aromatic cyclic ether can be furan,
a substituted furan, benzofuran, a substituted benzofuran,
isobenzofuran, a substituted isobenzofuran, dibenzofuran, a
substituted dibenzofuran, or any combination thereof; alter-
natively, furan or a substituted furan; alternatively, benzofu-
ran or a substituted benzofuran; alternatively, isobenzofuran
or a substituted isobenzofuran; or alternatively, a dibenzofu-
ran or a substituted dibenzofuran. In some embodiments, the
aromatic cyclic ether can be furan, benzofuran, isobenzofu-
ran, dibenzofuran, or any combination thereof; alternatively,
furan; alternatively, benzofuran; alternatively, isobenzofuran;
or alternatively, dibenzofuran.

In an embodiment, the diaryl ether can be diphenyl ether, a
substituted diphenyl ether, ditolyl ether, a substituted ditolyl
ether, or any combination thereof; alternatively, diphenyl
ether or a substituted diphenyl ether; or alternatively, ditolyl
ether or a substituted ditolyl ether. In some embodiments, the
diaryl ether can be diphenyl ether or ditolyl ether; alterna-
tively, diphenyl ether; or ditolyl ether.

Generally, each substituent of any substituted neutral
ligand, Q, described herein independently can be a halide and
aC, to C,, hydrocarbyl group; alternatively, ahalideand a C,
to C4 hydrocarbyl group; alternatively, a halide; alternatively,
a C, to C,, hydrocarbyl group; or alternatively, a C, to Cq
hydrocarbyl group. In an embodiment, each substituent of
any substituted neutral ligand, Q, described herein indepen-
dently can be a halide and a C, to C,, alkyl group; alterna-
tively, a halide and a C, to Cg alkyl; alternatively, a halide;
alternatively, a C, to C,, alkyl group; or alternatively, a C, to
C, alkyl group. Generally, each halide substituent indepen-
dently can be independently a fluoride, chloride, bromide, or
iodide; alternatively, fluoride; alternatively, chloride; alterna-
tively, bromide; or alternatively, iodide. Generally, each
hydrocarbyl substituent independently can be a methyl
group, an ethyl group a propyl group, a butyl group, a pentyl
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group, a cyclopentyl group, a hexyl group, a cyclohexyl
group, or a phenyl group; alternatively, a cyclopentyl group;
a cyclohexyl group; or alternatively, a phenyl group. Gener-
ally, each alkyl substituents independently can be a methyl
group, an ethyl group a propyl group, a butyl group, or pentyl
group; alternatively, a methyl group, an ethyl group, an iso-
propyl group, a tert-butyl group, or a neo-pentyl group; alter-
natively, a methyl group; alternatively, an ethyl group; alter-
natively, an iso-propyl group; alternatively, a tert-butyl group;
or alternatively, a neo-pentyl group.

The features of the transition metal salts have been inde-
pendently described herein and may be utilized in any com-
bination to describe the transition metal salt of the N*-phos-
phinyl amidine metal salt complex comprising a transition
metal salt complexed to an NZ-phosphinyl amidine com-
pound.

In a non-limiting embodiment, the transition metal salts
which can be utilized include chromium(II) halides, chro-
mium(III) halides, chromium(II) carboxylates, chromium
(IIT) carboxylates, chromium(Il) f-diketonates, chromium
(IIT) p-diketonates, chromium(Il) halide (THF) complexes,
chromium(I1I) halide (THF) complexes, iron(Il) halides, iron
(I1I1) halides, iron(II) carboxylates, iron(I1I) carboxylates, iro-
n(Il) p-diketonates, iron(Ill) f-diketonates, cobalt(II)
halides, cobalt(Ill) halides, cobalt(Il) carboxylates, cobalt
(IIT) carboxylates, cobalt(Il) p-diketonates, cobalt(IIT)
p-diketonates, nickel(II) halides, nickel(Il) carboxylates,
nickel(Il) f-diketonates, palladium(II) halides, palladium(II)
carboxylates, palladium(Il) f-diketonates, platinum(Il)
halides, platinum(IV) halides, platinum(II) carboxylates, or
platinum(IV) carboxylates. In some non-limiting embodi-
ments, the transition metal salt can be a chromium(II) halide,
a chromium(III) halide, a chromium (II) carboxylate, a chro-
mium(III) carboxylate, a chromium(II) -diketonate, a chro-
mium(III) p-diketonate, a chromium(II) halide (THF) com-
plex, or achromium(I1I) halide (THF) complex; alternatively,
an iron(II) halide, an iron(I1l) halide, an iron(II) carboxylate,
an iron(II) carboxylate, an iron(II) f-diketonate, or an iron
(IIT) B-diketonate; alternatively, a cobalt(Il) halide, a cobalt
(II1) halide, a cobalt(Il) carboxylate, a cobalt(III) carboxy-
late, a cobalt(Il) f-diketonate, or a cobalt(IIl) $-diketonate;
alternatively, a nickel(I]) halide, a nickel(I) carboxylate, or a
nickel(Il) p-diketonate; alternatively, a palladium(II) halide,
a palladium(II) carboxylate, or a palladium(II) p-diketonate;
or alternatively, a platinum(II) halide, a platinum(I'V) halide,
a platinum(II) carboxylate, or a platinum(IV) carboxylate. In
some embodiments, the transition metal salt can be a chro-
mium(III) halide, a chromium(III) carboxylate, a chromium
(IIT) p-diketonate, a chromium(IIl) halide (THF) complex;
alternatively, an iron(II]) halide, an iron(III) carboxylate, or
an iron(11T) B-diketonate; or alternatively, a cobalt(III) halide,
a cobalt(Ill) carboxylate, or a cobalt(Ill) f-diketonate. In
other embodiments, the transition metal salt can be a be a
chromium(I]) halide; alternatively, a chromium(III) halide;
alternatively, a chromium (II) carboxylate; alternatively, a
chromium(IIl) carboxylate; alternatively, a chromium(Il)
p-diketonate; alternatively, a chromium(IIl) p-diketonate;
alternatively, a chromium(II) halide (THF) complex; alterna-
tively, a chromium(IIl) halide (THF) complex; alternatively,
an iron(II) halide; alternatively, an iron(IIl) halide; alterna-
tively, an iron(Il) carboxylate; alternatively, an iron(III) car-
boxylate; alternatively, an iron(Il) f-diketonate; alternatively,
an iron(IlT) P-diketonate; alternatively, a cobalt(Il) halide;
alternatively, a cobalt(III) halide; alternatively, a cobalt(II)
carboxylate; alternatively, a cobalt(IIl) carboxylate; alterna-
tively, a cobalt(Il) p-diketonate; alternatively, a cobalt(III)
[p-diketonate; alternatively, a nickel(Il) halide; alternatively, a
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nickel(Il) carboxylate; alternatively, a nickel(Il) B-diketo-
nate; alternatively, a palladium(II) halide; alternatively, a pal-
ladium(II) carboxylate; alternatively, a palladium(II) -dike-
tonate; alternatively, a platinum(Il) halide; alternatively, a
platinum(I'V) halide; alternatively, a platinum(II) carboxy-
late; or alternatively, a platinum(IV) carboxylate.

In some non-limiting embodiments, transition metal salts
which can be utilized include chromium(II) chloride, chro-
mium(IIT) chloride, chromium(II) fluoride, chromium(III)
fluoride, chromium(Il) bromide, chromium(IIl) bromide,
chromium(II) iodide, chromium(III) iodide, chromium(III)
chloride (THF) complex, chromium(II) acetate, chromium
(I1I1) acetate, chromium(II) 2-ethylhexanoate, chromium(I1I)
2-ethylhexanoate, chromium(Il) triflate, chromium(III) tri-
flate, chromium(III) nitrate, chromium(III) acetylacetonate,
chromium(I1I) hexafluoracetylacetonate, chromium(III) ben-
zoylacetonate, iron(Il) chloride, iron(Ill) chloride, iron(Il)
fluoride, iron(Ill) fluoride, iron(Il) bromide, iron(IIl) bro-
mide, iron(Il) iodide, iron(IIl) iodide, iron(II) acetate, iron
(IIT) acetate, iron(Il) acetylacetonate, iron(Ill) acetylaceto-
nate, iron(Il) 2-ethylhexanoate, iron(IIl) 2-ethylhexanoate,
iron(1) triflate, iron(IIl) triflate, iron(IIl) nitrate, cobalt(Il)
chloride, cobalt(IlI) chloride, cobalt(Il) fluoride, cobalt(IIl)
fluoride, cobalt(Il) bromide, cobalt(IIl) bromide, cobalt(Il)
iodide, cobalt(Ill) iodide, cobalt(Il) acetate, cobalt(IIl)
acetate, cobalt(Il) acetylacetonate, cobalt(Ill) acetylaceto-
nate, cobalt(Il) 2 ethylhexanoate, cobalt(Ill) 2-ethylhex-
anoate, cobalt(Il) triflate, cobalt(Ill) triflate, cobalt(IIl)
nitrate, nickel(II) chloride, nickel(II) fluoride, nickel(II) bro-
mide, nickel(I]) iodide, nickel(I) acetate, nickel(Il) 2-ethyl-
hexanoate, nickel(Il) triflate, nickel(II) nitrate, nickel(Il)
acetylacetonate, nickel(I) benzoylacetonate, nickel(Il)
hexafluoracetylacetonate, palladium(Il) chloride, palladium
(II) fluoride, palladium(II) bromide, palladium(Il) iodide,
palladium(Il) acetate, palladium(Il) acetylacetonate, palla-
dium(II) nitrate, platinum(II) chloride, platinum(II) bromide,
platinum(Il) iodide, or platinum(IV) chloride. In other
embodiments, the transition metal salt can be chromium(II)
chloride, chromium(IIl) chloride, chromium(Il) fluoride,
chromium(III) fluoride, chromium(Il) bromide, chromium
(IIT) bromide, chromium(II) iodide, chromium(III) iodide,
chromium(IIl) chloride (THF) complex, chromium(Il)
acetate, chromium(IIl) acetate, chromium(II) 2-ethylhex-
anoate, chromium(IIl) 2-ethylhexanoate chromium(Il) tri-
flate, chromium(IIl) triflate, chromium(IIl) nitrate, chro-
mium(I1T) acetylacetonate, chromium(I1I)
hexafluoracetylacetonate, or chromium(IIl) benzoylaceto-
nate; alternatively, iron(II) chloride, iron(III) chloride, iron
(II) fluoride, iron(I1T) fluoride, iron(Il) bromide, iron(I1I) bro-
mide, iron(Il) iodide, iron(IIl) iodide, iron(II) acetate, iron
(II)  acetate, iron(II)  acetylacetonate, iron(IIl)
acetylacetonate, iron(II) 2-ethylhexanoate, iron(Ill) 2-ethyl-
hexanoate, iron(Il) triflate, iron(Ill) triflate, or iron(IIl)
nitrate; alternatively, cobalt(Il) chloride, cobalt(III) chloride,
cobalt(Il) fluoride, cobalt(IIl) fluoride, cobalt(Il) bromide,
cobalt(Ill) bromide, cobalt(Ill) iodide, cobalt(Ill) iodide,
cobalt(Il) acetate, cobalt(III) acetate, cobalt(I) acetylaceto-
nate, cobalt(II]) acetylacetonate, cobalt(IT) 2-ethylhexanoate,
cobalt(II]) 2-ethylhexanoate, cobalt(Il) triflate, cobalt(III) tri-
flate, or cobalt(II) nitrate; alternatively, nickel(Il) chloride,
nickel(I) fluoride, nickel(II) bromide, nickel(I]) iodide, nick-
el(I) acetate, nickel(Il) 2-ethylhexanoate, nickel(I1) triflate,
nickel(Il) nitrate, nickel(I]) acetylacetonate, nickel(Il) ben-
zoylacetonate, or nickel(Il) hexafluoracetylacetonate; alter-
natively, palladium(Il) chloride, palladium(II) fluoride, pal-
ladium(II) bromide, palladium(II) iodide, palladium(IIl)
acetate, palladium(Il) acetylacetonate, or palladium(Il)
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nitrate; or alternatively, platinum(II) chloride, platinum(II)
bromide, platinum(II) iodide, or platinum(IV) chloride. In yet
other embodiments, the transition metal salt can be chromium
(IIT) chloride, chromium(I1I) fluoride, chromium(IIl) bro-
mide, chromium(III) iodide, chromium(III) chloride (THF)
complex, chromium(III) acetate, chromium(III) 2-ethylhex-
anoate, chromium(III) triflate, chromium(III) nitrate, chro-
mium(III) acetylacetonate, chromium(IIl) hexafluoracety-
lacetonate, or chromium(Ill) benzoylacetonate; or
alternatively, iron(IIl) chloride, iron(IIl) fluoride, iron(III)
bromide, iron(I1I) iodide, iron(I1l) acetate, iron(II]) acetylac-
etonate, iron(Ill) 2-ethylhexanoate, iron(IlI) triflate, or iron
(II1) nitrate. In further embodiments, the transition metal salt
can be chromium(IIl) chloride, chromium(IIl) chloride
(THF) complex, or chromium(I1I) acetylacetonate; or alter-
natively, iron(IIl) chloride, or iron(III) acetylacetonate.

In some non-limiting embodiments, transition metal salts
which can be utilized include chromium(II) chloride; alter-
natively, chromium(I1I) chloride; alternatively, chromium(II)
fluoride; alternatively, chromium(III) fluoride; alternatively,
chromium(Il) bromide; alternatively, chromium(IIl) bro-
mide; alternatively, chromium(II) iodide; alternatively, chro-
mium(IIl) iodide; alternatively, chromium(IIl) chloride
(THF) complex; alternatively, chromium(II) acetate; alterna-
tively, chromium(IIl) acetate; alternatively, chromium(II)
2-ethylhexanoate; alternatively, chromium(III) 2-ethylhex-
anoate; alternatively, chromium(Il) triflate; alternatively,
chromium(III) triflate; alternatively, chromium(III) nitrate;
alternatively, chromium(IIl) acetylacetonate; alternatively,
chromium(I1I) hexafluoracetylacetonate; alternatively, chro-
mium(IIT) benzoylacetonate; alternatively, iron(II) chloride;
alternatively, iron(IIl) chloride; alternatively, iron(II) fluo-
ride; alternatively, iron(III) fluoride; alternatively, iron(II)
bromide; alternatively, iron(IIl) bromide; alternatively, iron
(II) iodide; alternatively, iron(Ill) iodide; alternatively, iron
(I) acetate; alternatively, iron(Ill) acetate; alternatively, iron
(II) acetylacetonate; alternatively, iron(IIl) acetylacetonate;
alternatively, iron(II) 2-ethylhexanoate; alternatively, iron
(IIT) 2-ethylhexanoate; alternatively, iron(I) triflate; alterna-
tively, iron(111) triflate; alternatively, iron(IIl) nitrate; alterna-
tively, cobalt(Il) chloride; alternatively, cobalt(IlI) chloride;
alternatively, cobalt(Il) fluoride; alternatively, cobalt(III)
fluoride; alternatively, cobalt(Il) bromide; alternatively,
cobalt(Ill) bromide; alternatively, cobalt(Il) iodide; alterna-
tively, cobalt(Ill) iodide; alternatively, cobalt(Il) acetate;
alternatively, cobalt(IIl) acetate; alternatively, cobalt(II)
acetylacetonate; alternatively, cobalt(Ill) acetylacetonate;
alternatively, cobalt(Il) 2-ethylhexanoate; alternatively,
cobalt(IIl) 2-ethylhexanoate; alternatively, cobalt(I]) triflate;
alternatively, cobalt(Ill) triflate; alternatively, cobalt(III)
nitrate; alternatively, nickel(II) chloride; alternatively, nickel
(II) fluoride; alternatively, nickel(II) bromide; alternatively,
nickel(Il) iodide; alternatively, nickel(Il) acetate; alterna-
tively, nickel(Il) 2-ethylhexanoate; alternatively, nickel(II)
triflate; alternatively, nickel(I) nitrate; alternatively, nickel
(II) acetylacetonate; alternatively, nickel(Il) benzoylaceto-
nate; alternatively, nickel(II) hexafluoracetylacetonate; alter-
natively, palladium(II) chloride; alternatively, palladium(II)
fluoride; alternatively, palladium(Il) bromide; alternatively,
palladium(Il) iodide; alternatively, palladium(Il) acetate;
alternatively, palladium(II) acetylacetonate; alternatively,
palladium(Il) nitrate; alternatively, platinum(II) chloride;
alternatively, platinum(II) bromide; alternatively, platinum
(II) iodide; or alternatively, platinum(IV) chloride.

It should be appreciated, that a given N?-phosphinyl ami-
dine metal salt complex can have one or more neutral ligands
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even when the metal salt utilized to produce the N2-phosphi-
nyl amidine metal salt complex did not have any neutral
ligands.

In an aspect, the present disclosure relates to catalyst sys-
tems comprising an N*-phosphinyl amidine compound and a
metal salt; alternatively, an N*-phosphinyl amidine metal salt
complex. In an embodiment, the catalyst system can com-
prise, or consist essentially of, an N*-phosphinyl amidine
metal salt complex and a metal alkyl; or alternatively, an
NZ2-phosphinyl amidine metal salt complex and an aluminox-
ane. In another aspect, the catalyst system can comprise, or
consist essentially of, an N*-phosphinyl amidine compound,
a metal salt, and a metal alkyl; or alternatively, an N*-phos-
phinyl amidine compound, a metal salt, and an aluminoxane.
The N2-phosphinyl amidine metal salt complex, metal salt,
NZ2-phosphinyl amidine compound, metal alkyl, and alumi-
noxane which can be utilized in various aspects and/or
embodiments of the catalyst system are independently
described herein and can be utilized in any combination and
without limitation to describe various catalyst systems of this
disclosure.

The N>-phosphinyl amidine metal salt complex(es) and
metal alkyls which can be utilized in various catalyst systems
of'this disclosure can comprise a metal salt complexed to an
N2-phosphinyl amidine compound. The N*-phosphiny] ami-
dine metal salt complexes, metal salts, and N>-phosphinyl
amidine compounds are independently described herein and
can be utilized without limitation to describe an N*-phosphi-
nyl amidine metal salt complex which can be utilized in
various catalyst systems of this disclosure.

Generally, the metal alkyl compound which can be utilized
in the catalyst system of this disclosure can be any heterolep-
tic or homoleptic metal alkyl compound. In an embodiment,
the metal alkyl can comprise, consist essentially of, or consist
of, a non-halide metal alkyl, a metal alkyl halide, or any
combination thereof; alternatively, a non-halide metal alkyl;
or alternatively, a metal alkyl halide.

In an embodiment, the metal of the metal alkyl can com-
prise, consist essentially of, or consist of, a group 1,2, 11,12,
13, or 14 metal; or alternatively, a group 13 or 14 metal; or
alternatively, a group 13 metal. In some embodiments, the
metal of the metal alkyl (non-halide metal alkyl or metal alkyl
halide) can be lithium, sodium, potassium, rubidium, cesium,
beryllium, magnesium, calcium, strontium, barium, zinc,
cadmium, boron, aluminum, or tin; alternatively, lithium,
sodium, potassium, magnesium, calcium, zinc, boron, alumi-
num, or tin; alternatively, lithium, sodium, or potassium;
alternatively, magnesium, calcium; alternatively, lithium;
alternatively, sodium; alternatively, potassium; alternatively,
magnesium; alternatively, calcium,; alternatively, zinc; alter-
natively, boron; alternatively, aluminum; or alternatively, tin.
In some embodiments, the metal alkyl (non-halide metal
alkyl or metal alkyl halide) can comprise, consist essentially
of, or consist of, a lithium alkyl, a sodium alkyl, a magnesium
alkyl, a boron alkyl, a zinc alkyl, or an aluminum alkyl. In
some embodiments, the metal alkyl (non-halide metal alkyl
or metal alkyl halide) can comprise, consist essentially of, or
consist of, an aluminum alkyl.

In an embodiment, the aluminum alkyl can be a trialkyla-
luminum, an alkylaluminum halide, an alkylaluminum alkox-
ide, an aluminoxane, or any combination thereof. In some
embodiments, the aluminum alkyl can be a trialkylaluminum,
an alkylaluminum halide, an aluminoxane, or any combina-
tion thereof; or alternatively, a trialkylaluminum, an alumi-
noxane, or any combination thereof.
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In other embodiments, the aluminum alkyl can be a trialky-
laluminum; alternatively, an alkylaluminum halide; alterna-
tively, an alkylaluminum alkoxide; or alternatively, an alumi-
noxane.

In a non-limiting embodiment, the aluminoxane can have a
repeating unit characterized by the Formula I:

Formula I

Ao

R

wherein R' is a linear or branched alkyl group. Alkyl groups
for metal alkyls have been independently described herein
and can be utilized without limitation to further describe the
aluminoxanes having Formula I. Generally, n of Formula I is
greater than 1; or alternatively, greater than 2. In an embodi-
ment, n can range from 2 to 15; or alternatively, range from 3
to 10.

In an aspect, each halide of any metal alkyl halide disclosed
herein can independently be fluoride, chloride, bromide, or
iodide; alternatively, chloride, bromide, or iodide. In an
embodiment, each halide of any metal alkyl halide disclosed
herein can be fluoride; alternatively, chloride; alternatively,
bromide; or alternatively, iodide.

In an aspect, each alkyl group of any metal alkyl disclosed
herein (non-halide metal alkyl or metal alkyl halide) indepen-
dently canbea C, to C,, alkyl group; alternatively,aC, to C,,
alkyl group; or alternatively, a C, to C4 alkyl group. In an
embodiment, each alkyl group(s) independently can be a
methyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a hexyl group, a heptyl group, or an octyl
group; alternatively, a methyl group, a ethyl group, a butyl
group, a hexyl group, or an octyl group. In some embodi-
ments, alkyl group independently can be a methyl group, an
ethyl group, an n-propyl group, an n-butyl group, an iso-butyl
group, an n-hexyl group, or an n-octyl group; alternatively, a
methyl group, an ethyl group, an n-butyl group, or an iso-
butyl group; alternatively, a methyl group; alternatively, an
ethyl group; alternatively, an n-propyl group; alternatively, an
n-butyl group; alternatively, an iso-butyl group; alternatively,
an n-hexyl group; or alternatively, an n-octyl group.

In an aspect, alkoxide group of any metal alkyl alkoxide
disclosed herein independently can be a C, to C,, alkoxy
group; alternatively, a C, to C,, alkoxy group; or alterna-
tively, a C, to C,4 alkoxy group.

In an embodiment, each alkoxide group of any metal alkyl
alkoxide disclosed herein independently can be a methoxy
group, an ethoxy group, a propoxy group, a butoxy group, a
pentoxy group, a hexoxy group, a heptoxy group, or an
octoxy group; alternatively, a methoxy group, a ethoxy group,
a butoxy group, a hexoxy group, or an octoxy group. In some
embodiments, each alkoxide group of any metal alkyl alkox-
ide disclosed herein independently can be a methoxy group,
an ethoxy group, an n-propoxy group, an n-butoxy group, an
iso-butoxy group, an n-hexoxy group, or an n-octoxy group;
alternatively, a methoxy group, an ethoxy group, an n-butoxy
group, or an iso-butoxy group; alternatively, a methoxy
group; alternatively, an ethoxy group; alternatively, an n-pro-
poxy group; alternatively, an n-butoxy group; alternatively,
an iso-butoxy group; alternatively, an n-hexoxy group; or
alternatively, an n-octoxy group.

In a non-limiting embodiment, useful metal alkyls can
include methyl lithium, n-butyl lithium, sec-butyl lithium,
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tert-butyl lithium, diethyl magnesium, di-n-butylmagnesium,
ethylmagnesium chloride, n-butylmagnesium chloride, and
diethyl zinc.

In a non-limiting embodiment, useful trialkylaluminum
compounds can include trimethylaluminum, triethylalumi-
num, tripropylaluminum, tributylaluminum, trihexylalumi-
num, trioctylaluminum, or mixtures thereof. In some non-
limiting embodiments, trialkylaluminum compounds can
include trimethylaluminum, triethylaluminum, tripropylalu-
minum, tri-n-butylaluminum, tri-isobutylaluminum, trihexy-
laluminum, tri-n-octylaluminum, or mixtures thereof; alter-
natively, triethylaluminum, tri-n-butylaluminum, tri-
isobutylaluminum, trihexylaluminum, tri-n-octylaluminum,
or mixtures thereof; alternatively, triethylaluminum, tri-n-
butylaluminum, trihexylaluminum, tri-n-octylaluminum, or
mixtures thereof. In other non-limiting embodiments, useful
trialkylaluminum compounds can include trimethylalumi-
num; alternatively, triethylaluminum; alternatively, tripropy-
laluminum; alternatively, tri-n-butylaluminum; alternatively,
tri-isobutylaluminum; alternatively, trihexylaluminum; or
alternatively, tri-n-octylaluminum.

In a non-limiting embodiment, useful alkylaluminum
halides can include diethylaluminum chloride, diethylalumi-
num bromide, ethylaluminum dichloride, ethylaluminum
sesquichloride, and mixtures thereof. In some non-limiting
embodiments, useful alkylaluminum halides can include
diethylaluminum chloride, ethylaluminum dichloride, ethy-
laluminum sesquichloride, and mixtures thereof. In other
non-limiting embodiments, useful alkylaluminum halides
can include diethylaluminum chloride; alternatively, diethy-
laluminum bromide; alternatively, ethylaluminum dichlo-
ride; or alternatively, ethylaluminum sesquichloride.

In a non-limiting embodiment, useful aluminoxanes can
include methylaluminoxane (MAO), ethylaluminoxane,
modified methylaluminoxane (MMAQO), n-propylaluminox-
ane, iso-propyl-aluminoxane, n-butylaluminoxane, sec-buty-
laluminoxane, iso-butylaluminoxane, t-butyl aluminoxane,
1-pentylaluminoxane, 2-pentylaluminoxane, 3-pentylalumi-
noxane, iso-pentylaluminoxane, neopentylaluminoxane, or
mixtures thereof; In some non-limiting embodiments, useful
aluminoxanes can include methylaluminoxane (MAO),
modified methylaluminoxane (MMAOQ), isobutyl aluminox-
ane, t-butyl aluminoxane, or mixtures thereof. In other non-
limiting embodiments, useful aluminoxanes can include
methylaluminoxane (MAQO); alternatively, ethylaluminox-
ane; alternatively, modified methylaluminoxane (MMAO);
alternatively, n-propylaluminoxane; alternatively, iso-propy-
laluminoxane; alternatively, n-butylaluminoxane; alterna-
tively, sec-butylaluminoxane; alternatively, iso-butylalumi-
noxane; alternatively, t-butyl aluminoxane; alternatively,
1-pentylaluminoxane; alternatively, 2-pentylaluminoxane;
alternatively, 3-pentylaluminoxane; alternatively, iso-pentyl-
aluminoxane; or alternatively, neopentylaluminoxane.

In an aspect, the metal alkyl and N*-phosphinyl amidine
metal salt complex may be combined in any ratio that forms
an active catalyst system. In an embodiment, the metal of the
metal alkyl to the metal of the N*-phosphinyl amidine metal
salt complex molar ratio can be greater than or equal to 5:1;
alternatively, greater than or equal to 10:1; alternatively,
greater than or equal to 25:1; alternatively, greater than or
equal to 50:1; or alternatively, greater than or equal to 100:1.
In some embodiments, the metal of the metal alkyl to the
metal of the N*-phosphinyl amidine metal salt complex molar
ratio can range from 5:1 to 100,000:1; alternatively, range
from 10:1 to 50,000:1; alternatively, range from 25:1 to
10,000:1; alternatively, range from 50:1 to 5,000:1; or alter-
natively, range from 100:1 to 2,500:1. When a metal alkyl
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having a specific metal and an N2-phosphinyl amidine metal
salt complex having a specific metal is utilized the metal of
the metal alkyl to the metal of the N*>-phosphinyl amidine
metal salt complex molar ratio can be stated as a specific
metal of the metal alkyl to specific metal of the N*-phosphinyl
amidine metal salt complex molar ratio. For example, when
the metal alkyl is an alkylaluminum compound (e.g. trialky-
laluminum, alkylaluminum halide, alkylaluminum alkoxide,
and/or aluminoxane) and the N2-phosphinyl amidine metal
salt complex is an N*-phosphinyl amidine chromium salt
complex, the metal of the metal alkyl to metal of the metal salt
can be an aluminum to chromium molar ratio. In some non-
limiting embodiments, the aluminum to chromium molar
ratio can be greater than or equal to 5:1; alternatively, greater
than or equal to 10:1; alternatively, greater than or equal to
25:1; alternatively, greater than or equal to 50:1; alternatively,
greater than or equal to 100:1; alternatively, range from 5:1 to
100,000:1; alternatively, range from 10:1 to 50,000:1; alter-
natively, range from 25:1 to 10,000:1; alternatively, range
from 50:1 to 5,000:1; or alternatively, range from 100:1 to
2,500:1.

In another aspect, the metal alkyl, metal salt, and N*-phos-
phinyl amidine compound can be combined in any ratio that
forms an active catalyst system. Generally the ratio of the
components of the catalyst system comprising, consisting
essentially of, or consisting of a metal alkyl, metal salt, and
N2-phosphinyl amidine compound can be provided as amolar
ratio of the metal of the metal alkyl to metal of the metal salt
and an equivalent ratio of the N>-phosphinyl amidine com-
pound to metal salt.

In an embodiment, the metal of the metal alkyl to the metal
of'the metal salt molar ratio can be greater than orequalto 5:1;
alternatively, greater than or equal to 10:1; alternatively,
greater than or equal to 25:1; alternatively, greater than or
equal to 50:1; or alternatively, greater than or equal to 100:1.
In some embodiments, the metal of the metal alkyl to the
metal of the metal salt molar ratio can range from 5:1 to
100,000:1; alternatively, ranges from 10:1 to 50,000:1; alter-
natively, ranges from 25:1 to 10,000:1; alternatively, ranges
from 50:1 to 5,000:1; or alternatively, ranges from 100:1 to
2,500:1. When a metal alkyl having a specific metal and a
metal salt having a specific metal is utilized the metal of the
metal alkyl to the metal of the metal salt molar ratio can be
stated as a specific metal of the metal alkyl to specific metal of
the metal salt molar ratio. For example, when the metal alkyl
is an alkylaluminum compound (e.g. trialkylaluminum, alky-
laluminum halide, alkylaluminum alkoxide, and/or alumi-
noxane) and the metal salt is a chromium salt, the metal of the
metal alkyl to metal of the metal salt can be an aluminum to
chromium molar ratio. In some non-limiting embodiments,
the aluminum to chromium molar ratio can be greater than or
equal to 5:1; alternatively, greater than or equal to 10:1;
alternatively, greater than or equal to 25:1; alternatively,
greater than or equal to 50:1; alternatively, greater than or
equal to 100:1; alternatively, range from 5:1 to 100,000:1;
alternatively, range from 10:1 to 50,000:1; alternatively,
range from 25:1 to 10,000:1; alternatively, range from 50:1 to
5,000:1; or alternatively, range from 100:1 to 2,500:1

In an embodiment, the N?-phosphinyl amidine compound
to metal salt equivalent ratio can be greater than or equal to
0.8:1; alternatively, greater than or equal to 0.9:1; or alterna-
tively, greater than or equal to 0.95:1; or alternatively, greater
than or equal to 0.98:1. In some embodiments, the N*-phos-
phinyl amidine compound to metal salt equivalent ratio can be
range from 0.8:1 to 5:1; alternatively, range from 0.9:1 to 4:1;
or alternatively, range from 0.95:1 to 3:1; or alternatively,
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range from 0.98:1 to 2.5:1. In other embodiments, the
N2-phosphinyl amidine compound to metal salt equivalent
ratio can be about 1:1.

In an aspect, this disclosure relates to a method of prepar-
ing an N*-phosphinyl amidine compound and/or an N*-phos-
phinyl amidine metal salt complex. N2-phosphinyl amidine
compounds and N2-phosphinyl amidine metal salt complexes
are generally described herein and methods of preparing them
can be generally applied to any N>-phosphinyl amidine com-
pound and/or N-phosphinyl amidine metal salt complex
described herein.

In an aspect, this disclosure relates to a method of prepar-
ing an NZ-phosphinyl amidine compound. Generally, the
method of preparing an N*-phosphinyl amidine compound
can comprise: a) contacting a phosphine halide with a metal
amidinate, and b) forming the NZ-phosphinyl amidinate.
Generally, the N*-phosphinyl amidine compound can be
formed under conditions capable of forming an N2-phosphi-
nyl amidine group. In some embodiments, the N*-phosphinyl
amidine compound can be isolated; alternatively, purified; or
alternatively, isolated and purified. In an embodiment, the
NZ2-phosphinyl amidine compound can have any Structure
described herein.

Generally, the metal amidinate utilized in the method of
preparing the N>-phosphinyl amidine compound can have
Structure MAM1, MAM2, MAM3, MAM4, MAMS,
MAM6, MAM7, MAMS8, MAMY9, MAMI10, MAMI11,
MAMI13, MAM15, MAM16, MAM18, or MAM20; alterna-
tively, Structure MAM1, MAM2, MAM3, MAM4, or
MAMS; alternatively, Structure MAM6, MAM7, MAMS,
MAMY, or MAMI0; alternatively, Structure MAMI1,
MAM13, or MAMI1S5; alternatively, Structure MAMI6,
MAM18, or MAM20; alternatively, Structure MAM1; alter-
natively, Structure MAM2; alternatively, Structure MAM3;
alternatively, Structure MAM4; alternatively, Structure
MAMS; alternatively, Structure MAMI11; alternatively,
MAMG; alternatively, MAM7; alternatively, MAMS; alterna-
tively, MAMO9; alternatively, MAM10; alternatively, Struc-
ture MAM13; alternatively Structure MAM1S; alternatively,
MAM16; alternatively, MAMI18; or alternatively, MAM20.
In an embodiment, the N-phosphinyl amidine metal salt
complex comprising only one N*-phosphinyl amidine group
complexed to a metal salt can be characterized by having the
Structure MAM1, MAM6, MAM11, or MAM16; alterna-
tively, Structure MAM1 or MAMG; alternatively, Structure
MAMI11 or MAMI16; alternatively, Structure MAM1 or
MAM11; oralternatively, Structure MAM6 or MAM16. Inan
embodiment, the N*-phosphinyl amidine metal salt complex
comprising only two NZ-phosphinyl amidine groups com-
plexed to ametal salt can be characterized by having Structure
MAM2, MAM3, MAMS, MAM13, or MAM18; alterna-
tively, Structure MAM2, MAM3, or MAMS; alternatively,
Structure MAM13, or MAMIS; alternatively, Structure
MAM2 or MAM3; alternatively, Structure MAM3 or
MAM13; or alternatively, Structure MAMS8 or MAM18. In
other embodiments, N*-phosphinyl amidine metal salt com-
plex compounds having at least one N*-phosphinyl amidine
group complexed to a metal salt can be characterized by
having the Structure MAM4, MAMS, MAM9, MAM10,
MAM1S5, or MAM20; alternatively, Structure MAM4,
MAMS, MAMY, or MAMIO; alternatively, Structure
MAM1S5, or MAM20; alternatively, Structure MAM4 or
MAMS; alternatively, Structure MAM9 or MAM10; alterna-
tively, Structure MAMS or MAM1S; or alternatively, Struc-
ture MAM10 or MAM20.
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Structure MAM1

Structure MAM?2

Structure MAM3

Structure MAM4

Structure MAMS

Structure MAM6

Structure MAM7

Structure MAMS8

Structure MAM9
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Structure MAM15

Structure MAM16

Structure MAM18

Structure MAM20

Generally, the metal amidinate structures prefaced with the
designation MAM correspond with the N2-phosphinyl ami-
dine structures prefaced with the designation NP having the
same number designation. R1,R2,R3,D1,D2,L}, L1, Q*,
g, and r within metal amidine Structures MAM1-MAM10,
MAMI11, MAMI13, MAM15, MAM16, MAM18, and/or
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MAM20 are independently described as features of the
N2-phosphinyl amidine compound Structures NP1-NP10,
NP11, NP13, NP15, NP16, NP18, and/or NP20. Since metal
amidine Structures MAMI1-MAM10, MAM11, MAM13,
MAMI15, MAM16, MAMI18, and/or MAM20 are utilized to
prepare embodiments of N2-phosphinyl amidine compounds
having Structures NP1-NP10, NP11, NP13, NP15, NP16,
NP18, and/or NP20, the R', R*,R*, D1, D2, L.}, 1.2, 1>, Q', q,
and r descriptions for the N2-phosphinyl amidine compounds
may be utilized without limitation to further describe metal
amidine Structures MAMI1-MAM10, MAM11, MAM13,
MAM15, MAM16, MAM18, and/or MAM20.

In an embodiment, the phosphine halide utilized in the
method to prepare the N*-phosphinyl amidine compound can
have the Structure PH1.

Structure PH1
R4

X!—p
\
RS

R* and R® of the phosphine halide having Structure PHI
correspond to R* and R of the embodiments of the N*-phos-
phinyl amidine compounds Structures NP1-NP10, NP11,
NP13,NP15,NP16,NP18, and/or NP20. Since the phosphine
halide having Structure PH1 is utilized to prepare embodi-
ments of N2-phosphinyl amidine compounds having Struc-
tures NP1-NP10, NP11, NP13, NP15, NP16, NP18, and/or
NP20, the R* and R® descriptions for the N*-phosphiny] ami-
dine compounds can be utilized without limitation to further
describe the phosphine halide having Structures PH1. In an
embodiment, X' of the phosphine halide can be fluoro,
chloro, bromo, or iodo; alternatively, fluoro; alternatively,
chloro; alternatively, bromo; or alternatively, iodo. Phosphine
halides are disclosed herein and can be utilized, without limi-
tation, to further describe the method to prepare the N*-phos-
phinyl amidine compound.

Generally, the phosphine halide and the metal amidinate
can be combined at a phosphine halide to metal amidinate
equivalent ratio of at least 0.9:1. In some embodiments, the
phosphine halide and the metal amidinate can be combined at
a phosphine halide to metal amidinate equivalent ratio of at
least 0.95:1; alternatively, of at least 0.975:1; or alternatively,
ofatleast0.99:1. In some embodiments, the phosphine halide
and the metal amidinate can be combined at a phosphine
halide to metal amidinate equivalent ratio ranging from 0.9:1
to 1.25:1; alternatively, ranging from 0.95:1 to 1.20:1; alter-
natively, ranging from 0.975:1 to 1.15:1; or alternatively,
ranging from 0.99:1 to 1.10:1. In other embodiments, the
phosphine halide and the metal amidinate can be combined at
a phosphine halide to metal amidinate equivalent ratio of
about 1:1.

In an embodiment, the conditions capable of forming an
N2-phosphinyl amidine can include a reaction temperature of
atleast 0° C.; alternatively, of at least 5° C.; alternatively, of at
least 10° C.; or alternatively, of at least 15° C. In some
embodiments, the conditions capable of forming an N>-phos-
phinyl amidine can include a reaction temperature ranging
from 0° C. to 60° C.; alternatively, ranging from 5° C. to 50°
C.; alternatively, ranging from 10° C. to 45° C.; or alterna-
tively, ranging from 15° C. to 40° C. In an embodiment, the
conditions capable of forming an N*-phosphinyl amidine can
include a reaction time of at least 5 minutes; alternatively, of
at least 10 minutes; alternatively, of at least 15 minutes; or
alternatively, of at least 20 minutes. In some embodiments,
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the conditions capable of forming an N2-phosphinyl amidine
can include a reaction time ranging from 5 minutes to 6 hours;
alternatively, ranging from 10 minutes to 5 hours; alterna-
tively, ranging from 15 minutes to 4.5 hours; or alternatively,
ranging from 20 minutes to 4 hours.

In an embodiment, the phosphine halide and the metal
amidinate can be contacted in an aprotic solvent. In some
embodiments, the phosphine halide and the metal amidinate
can be contacted in a polar aprotic solvent. Aprotic solvents
which can be utilized include hydrocarbon solvents and ether
solvents. Polar aprotic solvents which can be utilized include
ether solvents. Solvents are generally disclosed herein and
any general or specific aprotic solvent and/or polar aprotic
solvent described herein can be utilized to further describe the
method of preparing an N*-phosphinyl amidine compound
comprising contacting a phosphine halide with a metal amidi-
nate and forming the N2-phosphinyl amidinate.

In an embodiment, the N*-phosphinyl amidine compound
can be utilized without further isolation or purification. In
some embodiments, the N*-phosphinyl amidine compound
can be isolated; or alternatively, isolated and purified. In an
embodiment, wherein the N-phosphinyl amidine compound
can be prepared in a solvent (aprotic or polar aprotic), the
method to prepare the N*-phosphinyl amidine compound can
include a step of isolating the N*-phosphinyl amidine com-
pound by evaporating the solvent. In an embodiment wherein
the N*-phosphinyl amidine compound can prepared in a sol-
vent (aprotic or polar aprotic), the method to prepare the
NZ2-phosphinyl amidine compound can include the step of
isolating the N*-phosphinyl amidine compound by filtering
the solution to remove particulate materials and/or byprod-
ucts of the reaction and evaporating the solvent. In embodi-
ments, the method to prepare the N>-phosphinyl amidine
compound can include a purification step wherein the
N2-phosphinyl amidine compound can be purified by dissolv-
ing the N*-phosphinyl amidine compound in a solvent and
filtering the solution to remove particulate materials and/or
byproducts of the reaction. The solvent utilized to purity the
NZ2-phosphinyl amidine compound can be the same solvent
utilized to form the N?-phosphinyl amidine compound or it
can be different than the solvent utilized to form the N*-phos-
phinyl amidine compound. In some embodiments, the
method to prepare the N*-phosphinyl amidine compound can
include a purification step of washing the N2-phosphinyl
amidine compound with a solvent. In other embodiments, the
method to prepare the N*-phosphinyl amidine compound can
include a purification step of recrystallizing the N*-phosphi-
nyl amidine compound.

Generally, the evaporation of the solvent can be performed
using any suitable method. In some embodiments, the solvent
can be evaporated at ambient temperature (15-35° C.—no
applied external heat source). In other embodiments, the sol-
vent can be evaporated with gentle heating (e.g., at a tempera-
ture ranging from 25° C. to 50° C.). In further embodiments,
the solvent can be evaporated at ambient temperature under
reduced pressure. In yet other embodiments, the solvent can
be evaporated with gentle heating under reduced pressure.

In an aspect, the metal amidinate utilized in the method to
prepare the N?-phosphinyl amidine can be formed by a) con-
tacting an amidine compound (non-metallic) having an N2
hydrogen atom with a metallic compound capable of abstract-
ing the hydrogen atom from the amidine compound; and b)
forming the metal amidinate. Generally, the metal amidinate
can be formed under conditions capable of forming a metal
amidinate. In some embodiments, the metal amidinate can be
isolated; alternatively, purified; or alternatively, isolated and
purified.
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In an embodiment, the amidine compound (non-metallic)
can have Structure AMI1, AM2, AM3, AM4, AMS5, AM6,
AM7, AMS, AM9, AM10, AM11, AM13, AMI15, AM16,
AM18, or AM20; alternatively, Structure AM1, AM2, AM3,
AM4, or AMS; alternatively, AM6, AM7, AM8, AM9, or
AM10; alternatively, AM11, AM13, or AM15; alternatively,
AM16, AM18, or AM20; alternatively, Structure AM1; alter-
natively, Structure AM2; alternatively, Structure AM3; alter-
natively, Structure AM4; alternatively, Structure AMS; alter-
natively, Structure AMI11; alternatively, Structure AMG6;
alternatively, Structure AM7; alternatively, Structure AMS;
alternatively, Structure AM9; alternatively, Structure AM10;
alternatively, Structure AMI11; alternatively, Structure
AM13; alternatively, Structure AM15; alternatively, AM16;
alternatively, AM18; or alternatively, AM20. In an embodi-
ment, the amidine compound (non-metallic) comprising only
one N2-phosphinyl amidine group complexed to a metal salt
can be characterized by having the Structure AM1, AMG6,
AM11, or AM16; alternatively, Structure AM1 or AMG6; alter-
natively, Structure AM11 or AM16; alternatively, Structure
AM1 or AM11; or alternatively, Structure AM6 or AM16. In
an embodiment, the amidine compound (non-metallic) com-
prising only two N>-phosphinyl amidine groups complexed
to a metal salt can be characterized by having Structure AM2,
AM3, AMS, AM13, or AM18; alternatively, Structure AM2,
AM3, or AMS; alternatively, Structure AM13, or AM18;
alternatively, Structure AM2 or AM3; alternatively, Structure
AM3 or AM13; or alternatively, Structure AM8 or AM18. In
other embodiments, the amidine compound (non-metallic)
having at least one N*-phosphinyl amidine group complexed
to a metal salt can be characterized by having the Structure
AM4, AMS5, AM9, AM10, AM15, or AM20; alternatively,
Structure AM4, AMS, AM9, or AM10; alternatively, Struc-
ture AM15, or AM20); alternatively, Structure AM4 or AMS;
alternatively, Structure AM9 or AM10; alternatively, Struc-
ture AMS or AM15; alternatively, Structure AM10 or AM20.
In some embodiments, the amidine compounds may have
only one N? hydrogen atom (i.e., R? is a non-hydrogen group
in the amidine compounds). In other embodiments, the ami-
dine may have two N* hydrogen atoms (i.e., R® is a non-
hydrogen group in the amidine compounds).
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Generally, the amidine structure prefaced with AM corre-
sponds to the metal amidinate structure prefaced with MAM
having the same number designation. However, it should be
noted that methods described herein provide for the conver-
sion of amidine compounds having Structures AM6-AM 10,
AM16, AM18, and/or AM20 (wherein R? is hydrogen) into
amidine compounds having Structures AM1-AMS5, AM11,
AM13, and/or AM15 (wherein R? is not hydrogen), respec-
tively. R', R?, R®, D', D?, L', L?, L* Q% q, and r within
amidine compound Structures AM1-AM10, AM11, AM13,
AM15, AM16, AM18, and/or AM20 are independently
described as features of the N2-phosphinyl amidine com-
pound Structures NP1-NP10, NP11, NP13, NP15, NP16,
NP18, and/or NP20. Since amidine Structures AM1-AMI10,
AM11, AM13, AM15, AM16, AM18, and/or AM20 can be
utilized to prepare embodiments of N2-phosphinyl amidine
compounds having Structures NP1-NP10, NP11, NP13,
NP15, NP16,NP18, and/or NP20, the R', R* R?, D', D, L',
L2 L2, Q' q, and r descriptions for the N2-phosphinyl ami-
dine compounds can be utilized without limitation to further
describe the amidine Structures AM1-AM10, AM11, AM13,
AM15, AM16, AM18, and/or AM20.

In an embodiment, the metal compound capable of
abstracting the proton from the amidine compound (non-
metallic) can be a metal hydride or a metal alkyl; alterna-
tively, a metal hydride; or alternatively, a metal alkyl. In an
embodiment the metal hydride can be sodium hydride, cal-
cium hydride, lithium aluminum hydride or sodium borohy-
dride; alternatively, sodium hydride or calcium hydride; alter-
natively, lithium aluminum hydride or sodium borohydride;
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alternatively, sodium hydride; alternatively, calcium hydride;
alternatively, lithium aluminum hydride; or alternatively,
sodium borohydride. Metal alkyl compounds are described
herein and can be utilized, without limitation, as the metal
alkyl for abstracting the proton from the amidine compound
(non-metallic). Particularly useful metal alkyls for abstract-
ing the proton from the amidine compound (non-metallic)
can be Group 1 metal hydrides or Group 1 metal alkyls;
alternatively, Group 1 metal hydrides; or alternatively, Group
1 metal alkyls. In an embodiment, the metal alkyl can be a
lithium alkyl, a sodium alkyl, or a potassium alkyl; alterna-
tively, a lithium alkyl or a sodium alkyl; alternatively, a
lithium alkyl; alternatively, a sodium alkyl; or alternatively, a
potassium alkyl. Alkyl groups for the metal alkyl are
described herein and can be utilized without limitation to
further describe the metal alkyls which can be contacted with
the amidine compound. In some exemplary embodiments, the
metal alkyl can be methyl lithium, n-butyl lithium, sec-butyl
lithium, or tert-butyl lithium; alternatively, methyl lithium;
alternatively, n-butyl lithium; alternatively, sec-butyl lithium;
or alternatively, tert-butyl lithium.

Generally, the amidine compound (non-metallic) and the
metal compound can be combined in an amidine compound
to metal compound equivalent ratio of at least 0.9:1. In an
embodiment, the amidine compound (non-metallic) and the
metal compound can be combined in an amidine compound
to metal compound equivalent ratio of at least 0.95:1; alter-
natively, of at least 0.975:1; or alternatively, of at least 0.99:1.
In some embodiments, the amidine compound (non-metallic)
and the metal compound can be combined in an amidine
compound and metal compound equivalent ratio ranging
from 0.9:1 to 1.25:1; alternatively, ranging from 0.95:1 to
1.20:1; alternatively, ranging from 0.975:1 to 1.15:1; or alter-
natively, ranging from 0.99:1 to 1.10:1. In other embodi-
ments, the amidine compound (non-metallic) and the metal
compound can be combined in an amidine compound to
metal compound equivalent ratio of about 1:1.

In an embodiment, the conditions capable of forming the
metal amidinate can include a temperature of at least -45° C.;
alternatively, of at least —=30° C.; alternatively, of at least -25°
C.; or alternatively, of at least —20° C. In some embodiments,
the reaction conditions capable of forming a metal amidinate
can include a temperature ranging from —-45° C. to 60° C.;
alternatively, ranging from -30° C. to 50° C.; alternatively,
ranging from -25° C. to 45° C.; or alternatively, ranging from
-20° C. to 40° C.

In some embodiments, the conditions capable of forming
the metal amidinate can include an initial metal compound
and amidine compound contact temperature and a second
temperature to form the metal amidinate. It should be noted
the when the conditions capable of forming the metal amidi-
nate is described as occurring at two temperatures (one for the
contact of the metal compound and the amidine compound
and one for the formation of the metal amidinate) that this
description does not exclude the prospect that metal amidi-
nate can be formed at the contact temperature. The descrip-
tion just relates that, in some embodiments, the metal amidi-
nate formation may proceed better when the initial contact
between the metal compound and amidine compound is per-
formed at one temperature and the formation of the metal
amidinate is completed at a second different temperature.

In an embodiment, the metal compound and amidine com-
pound can be contacted at a temperature ranging from —-45° C.
to 20° C.; alternatively, ranging from -30° C. to 15° C,;
alternatively, ranging from —-25° C. to 45° C.; or alternatively,
ranging from -20° C. to 40° C. In an embodiment, the metal
amidinate can be formed at a temperature ranging from 0° C.
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to 20° C.; alternatively, ranging from 5° C. to 15° C.; alter-
natively, ranging from 10° C. to 45° C.; or alternatively,
ranging from 15° C. to 40° C.

In an embodiment, the conditions capable of forming the
metal amidinate can include a metal amidinate formation
time of at least 5 minutes; alternatively, of at least 10 minutes;
alternatively, of at least 15 minutes; or alternatively, of at least
20 minutes. In some embodiments, the conditions capable of
forming the metal amidinate can include a metal amidinate
formation time ranging from 5 minutes to 6 hours; alterna-
tively, ranging from 10 minutes to 5 hours; alternatively,
ranging from 15 minutes to 4.5 hours; or alternatively, rang-
ing from 20 minutes to 4 hours.

In an embodiment, the metal compound and the amidine
compound (non-metallic) can be contacted in an aprotic sol-
vent. In some embodiments, the metal compound and the
amidine compound (non-metallic) can be contacted in a polar
aprotic solvent. Aprotic solvents which can be utilized
include hydrocarbon solvents and ether solvents. Polar apro-
tic solvents which can be utilized include ether solvents.
Solvents are generally disclosed herein and any general or
specific aprotic solvent and/or polar aprotic solvent described
herein can be utilized to further describe the method of pre-
paring the metal amidinate by contacting a metal compound
and an amidine compound and forming a metal amidinate.

In an embodiment, the metal amidinate can be utilized
without further isolation or purification. In some embodi-
ments, the metal amidinate can be isolated; alternatively,
purified; or alternatively, isolated and purified. In an embodi-
ment, the method to prepare the metal amidinate can include
a step of isolating the metal amidinate by filtering the metal
amidate from the solution. In some embodiments, the method
to prepare the metal amidinate can include a step of puritying
the metal amidinate by washing the metal amidinate with a
solvent. Generally, the washing solvent can be an aprotic
solvent. In other embodiments, the washing solvent can be a
polar aprotic solvent. In other embodiments, the washing
solvent can be a non-polar aprotic solvent.

In an aspect, the metal amidinate which can be utilized to
prepare the N2-phosphinyl amidine can be prepared by a
method comprising: a) contacting a metal amide and a nitrile;
and b) forming the metal amidinate. Generally, the metal
amidinate can be formed under conditions capable of forming
a metal amidinate. In some embodiments, the metal amidi-
nate can be isolated; alternatively, purified; or alternatively,
isolated and purified. It should be noted that this method
prepares a metal amidinate having a N* hydrogen atom (i.e.,
R? is hydrogen). Other methods for preparing metal amidi-
nates having a non-hydrogen R® group are disclosed herein.

In an embodiment, the metal amide has Structures MA1,
MA2, MA3, or MA4; alternatively, MA1; alternatively,
MAZ2; alternatively, MA3; or alternatively, MA4.

Structure MA1
R!— NHMA4

Structure MA2
MAHN—L!—NHM*

Structure MA3

1 A

D!'—-NHM),

Structure MA4

Q!— L3 —NHMH

In an embodiment, the nitrile may have Structure N1, N2,
or N3; alternatively, N1; alternatively, N2; or alternatively,
N3.
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R?—C=N

Structure N2
N=C—I1?—C=N

Structure N3
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Generally, utilizing the present disclosure, one can readily
recognize the metal amide structure and the nitrile structure
necessary to produce a particular metal amidinate. For
example, a metal amidinate having Structure AM6 can be
prepared from the metal amide having Structure MA1 and the
nitrile having Structure N1, a metal amidinate having Struc-
ture AM7 can be prepared from the metal amide having
Structure MA2 and the nitrile having Structure N1, a metal
amidinate having Structure AM8 can be prepared from the
metal amide having Structure MA1 and the nitrile having
Structure N2, a metal amidinate having Structure AM9 can be
prepared from the metal amide having Structure MA3 and the
nitrile having Structure N1, a metal amidinate having Struc-
ture AM10 can be prepared from the metal amide having
Structure MA1 and the nitrile having Structure N3, a metal
amidinate having Structure AM16 can be prepared from the
metal amide having Structure MA4 and the nitrile having
Structure N1, a metal amidinate having Structure AM18 can
be prepared from the metal amide having Structure MA4 and
the nitrile having Structure N2, and a metal amidinate having
Structure AM20 can be prepared from the metal amide having
Structure MA4 and the nitrile having Structure N3. R, R?,
R* R* R’, D! D? L% 12 L% Q" q, and r within metal amide
Structures MA1-MA4 and nitrile Structures N1-N3 are inde-
pendently described as features of the N2-phosphinyl ami-
dine compounds Structures NP1-NP10, NP11, NP13, NP15,
NP16, NP18, and/or NP20. Since the metal amides having
Structures MA1-MA4 and the nitriles having Structures
N1-N3 are utilized to ultimately prepare embodiments of
N2-phosphinyl amidine compounds having Structures NP1-
NP10, NP11, NP13, NP15, NP16, NP18, and/or NP20, the
R',R? R? R* R’ D',D? L', L* L% Q', q, and rdescriptions
for the N2-phosphinyl amidine compounds can be utilized
without limitation to further describe the metal amides having
Structures MA1-MA4 and the nitriles having Structures
N1-N3. General and specific metal amides (or the amines
from which they are derived) and nitriles are provided herein
and can be utilized without limitation to further describe the
method of preparing the herein disclosed metal amidinates.

Generally, the nitrile and the metal amide can be combined
in a nitrile to metal amide equivalent ratio of at least 0.9:1. In
an embodiment, the nitrile and the metal amide can be com-
bined in a nitrile to metal amide equivalent ratio of at least
0.95:1; alternatively, of at least 0.975:1; or alternatively, of at
least 0.99:1. In some embodiments, the nitrile and the metal
amide can be combined in a nitrile to metal amide equivalent
ratio ranging from 0.9:1 to 1.25:1; alternatively, ranging from
0.95:1 to 1.20:1; alternatively, ranging from 0.975:1 to 1.15:
1; or alternatively, ranging from 0.99:1 to 1.10:1. In other
embodiments, the nitrile and the metal amide can be com-
bined in a metal amide to nitrile equivalent ratio of about 1:1.

In an embodiment, the conditions capable of forming the
metal amidinate can include a reaction temperature of at least
10° C.; alternatively, of at least 15° C.; alternatively, of at least
20° C.; or alternatively, of at least 25° C. In some embodi-
ments, the conditions capable of forming the metal amidinate
can include a reaction temperature ranging from 10° C. to
100° C.; alternatively, ranging from 15° C. to 90° C.; alterna-
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tively, ranging from 20° C. to 85° C.; or alternatively, ranging
from 25° C. to 80° C. In an embodiment, the conditions
capable of forming the metal amidinate can include a reaction
time of at least 15 minutes; alternatively, of at least 30 min-
utes; alternatively, of at least 45 minutes; or alternatively, ofat
least 1 hour. In some embodiments, the conditions capable of
forming the metal amidinate can include a reaction time rang-
ing from 15 minutes to 36 hours; alternatively, ranging from
30 minutes to 30 hours; alternatively, ranging from 45 min-
utes to 24 hours; or alternatively, ranging from 1 hour to 18
hours.

In an embodiment, the nitrile and the metal amide can be
contacted in an aprotic solvent. In some embodiments, the
nitrile and the metal amide can be contacted in a polar aprotic
solvent. Aprotic solvents which can be utilized include hydro-
carbon solvents and ether solvents. Polar aprotic solvents
which may be utilized include ether solvents. Solvents are
generally disclosed herein and any general or specific aprotic
solvent and/or polar aprotic solvent described herein can be
utilized to further describe the method of preparing the metal
amidinate by contacting a nitrile and a metal amide and form-
ing the metal amidinate.

In an embodiment, the metal amidinate can be utilized
without further isolation or purification. In some embodi-
ments, the metal amidinate can be isolated; alternatively,
purified; or alternatively, isolated and purified. In an embodi-
ment, the method to prepare the metal amidinate can include
a step of isolating the metal amidinate by filtering the metal
amidate from the solution. In some embodiments, the method
to prepare the metal amidinate can include a step of puritying
the metal amidinate washing the metal amidinate with a sol-
vent. Generally, the washing solvent can be an aprotic sol-
vent. In other embodiments, the washing solvent can be a
polar aprotic solvent. In other embodiments, the washing
solvent can be a non-polar aprotic solvent.

In an aspect, the amidine compound which can be utilized
to form the N2-phosphinyl amidine compound can be pre-
pared by a method comprising: a) contacting a metal amide
and a nitrile; b) forming the metal amidinate; and c) neutral-
izing the formed metal amidinate with a protic compound to
form a non-metal amidine compound. Steps a) and b) of this
method are the same as the method of preparing a metal
amidinate comprising contacting a metal amide and a nitrile
and forming the metal amidinate. As such, embodiments
relating to the steps of contacting a metal amide and a nitrile
and forming the metal amidinate described herein can be
utilized without limitation to further describe the method of
making an amidinate compound comprising; a) contacting a
metal amide and a nitrile; b) forming the metal amidinate; and
¢) neutralizing the formed metal amidinate. In some embodi-
ments, the non-metal amidine compound can be isolated;
alternatively, purified; or alternatively, isolated and purified.

In an embodiment, the protic compound can be any com-
pound capable of providing a proton to neutralize the metal
amidinate. In some embodiments, the protic compound can
be Brensted acid. In other embodiments, the protic compound
can be water, a mineral acid, a carboxylic acid, an alcohol, or
an amine hydrohalide; alternatively, water; alternatively, a
mineral acid; alternatively, a carboxylic acid; alternatively, an
alcohol; or alternatively, an amine hydrohalide. In an embodi-
ment, the mineral acid can be hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, or boric acid;
alternatively, hydrochloric acid; alternatively, sulfuric acid;
alternatively, nitric acid; alternatively, phosphoric acid; or
alternatively, boric acid. In an embodiment, the carboxylic
acid can be a C, to C, carboxylic acid. In some embodiments,
the carboxylic acid can be formic acid, acetic acid, propionic

35

40

45

50

55

136

acid, or butyric acid; alternatively, formic acid or acetic acid;
alternatively, formic acid; alternatively, acetic acid; alterna-
tively, propionic acid; or alternatively, butyric acid. In an
embodiment, the alcohol can be a C, to C,, alcohol; or alter-
natively, a C, to Cy alcohol. In some embodiments, the alco-
hol can be methanol, ethanol, propanol, butanol, or pentanol;
alternatively, methanol, ethanol, n-propanol, iso-propanol,
n-butanol, or tert-butanol; alternatively, methanol; alterna-
tively, ethanol; alternatively, n-propanol; alternatively, iso-
propanol; alternatively, n-butanol; or alternatively, or tert-
butanol. In an embodiment, the amine hydrohalide canbe aC,
to C,_s hydrohalide. In some embodiments, the amine hydro-
halide may be a methylamine hydrohalide, dimethylamine
hydrohalide, trimethylamine hydrohalide, ethylamine hydro-
halide, diethylamine hydrohalide, or triethylamine hydroha-
lide, or triethanolamine hydrochloride; alternatively, methy-
lamine  hydrohalide;  alternatively,  dimethylamine
hydrohalide; alternatively, trimethylamine hydrohalide;
alternatively, ethylamine hydrohalide; alternatively, diethy-
lamine hydrohalide; alternatively, triethylamine hydrohalide;
alternatively, ethanolamine hydrohalide; alternatively,
diethanolamine hydrohalide; or alternatively, triethanola-
mine hydrochloride. In some embodiments, the amine hydro-
halide can be an amine hydrochloride, hydrobromide, or
hydroiodide; or alternatively, hydrochloride. In some
embodiments, the amine hydrohalide can be methylamine
hydrochloride, methylamine hydrobromide, dimethylamine
hydrochloride, dimethylamine hydrobromide, trimethy-
lamine hydrochloride, trimethylamine hydrobromide, ethy-
lamine hydrochloride, ethylamine hydrobromide, diethy-
lamine  hydrochloride, diethylamine hydrobromide,
triethylamine hydrochloride, triethylamine hydrobromide,
ethanolamine hydrochloride, ethanolamine hydrobromide,
diethanolamine hydrochloride, diethanolamine hydrobro-
mide, triethanolamine hydrochloride, triethanolamine hydro-
bromide; alternatively, methylamine hydrochloride, dim-
ethylamine hydrochloride, trimethylamine hydrochloride,
ethylamine hydrochloride, diethylamine hydrochloride, tri-
ethylamine hydrochloride, ethanolamine hydrochloride,
diethanolamine hydrochloride, or triethanolamine hydro-
chloride; alternatively, methylamine hydrochloride; alterna-
tively, dimethylamine hydrochloride; alternatively, trimethy-
lamine hydrochloride; alternatively, ethylamine
hydrochloride; alternatively, diethylamine hydrochloride;
alternatively, triethylamine hydrochloride; alternatively,
ethanolamine hydrochloride; alternatively, diethanolamine
hydrochloride; or alternatively, triethanolamine hydrochlo-
ride.

In an embodiment, the non-metal amidine compound can
be utilized without further isolation or purification. In some
embodiments, the non-metal amidine compound can be iso-
lated; alternatively, purified; or alternatively, isolated and
purified. In an embodiment, wherein the amidine compound
can be prepared in a solvent (aprotic or polar aprotic), the
method to prepare the amidine compound can include a step
of isolating the amidine compound by evaporating the sol-
vent. In an embodiment wherein the non-metal amidine com-
pound can be prepared in a solvent (aprotic or polar aprotic),
the method to prepare the non-metal amidine compound can
include the step of isolating the amidine compound by filter-
ing the solution to remove particulate materials and/or
byproducts of the reaction and evaporating the solvent. In
embodiments, the method to prepare the non-metal amidine
compound can include a purification step wherein the non-
metal amidine compound can be purified by dissolving the
non-metal amidine compound in a solvent and filtering the
solution to remove particulate materials and/or byproducts of
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the reaction. The solvent utilized to purify the non-metal
amidine compound can be the same solvent utilized to form
the non-metal amidine compound or it may be different than
the solvent utilized to form the non-metal amidine compound.
In some embodiments, the method to prepare the non-metal
amidine compound may include a purification step wherein
the non-metal amidine compound can be purified by washing
with a solvent. In other embodiments, the method to prepare
the non-metal amidine compound can include a purification
step of recrystallizing the amidine compound.

Generally, the evaporation of the solvent can be performed
using any suitable method. In some embodiments, the solvent
can be evaporated at ambient temperature (15-35° C.—no
applied external heat source). In other embodiments, the sol-
vent can be evaporated with gentle heating (e.g., ata tempera-
ture ranging from 25° C. to 50° C.). In further embodiments,
the solvent can be evaporated at ambient temperature under
reduced pressure. In yet other embodiments, the solvent can
be evaporated with gentle heating under reduced pressure.

In an aspect the metal amides, which are utilized in the
preparation of some of the metal amidinates and amidine
compound described herein, can be prepared by a method
comprising: a) contacting an amine having an —NH, group
and a compound capable of abstracting the proton from the
amine —NH, group; and b) forming the metal amide. Gen-
erally, the metal amide can be formed under conditions
capable of forming a metal amide. In some embodiments, the
metal amide may be isolated; alternatively, purified; or alter-
natively, isolated and purified.

In an embodiment, the amine may have Structures A1, A2,
A3, or A4; alternatively, Al; alternatively, A2; alternatively,
A3; or alternatively, A4. Generally, utilizing the present dis-
closure, one can readily recognize the metal amine structure
and the nitrile structure necessary to produce a particular
metal amidinate. For example, the amine having Structure Al
can utilized when

Structure Al
R!—NH,

Structure A2
H,N—L!—NH,

Structure A3
D'—NH,),

Structure MA4

Q'—L*—NH,

preparing a metal amidinate having Structure MAMSG,
MAMS, or MAMI10 and/or an amidine compound having
Structure AM6, AMS, or AM10, the amine having Structure
A2 is utilized when preparing a metal amidinate having Struc-
ture MAM?7 and/or an amidine compound having Structure
AM7, the amine having Structure A3 is utilized when prepar-
ing a metal amidinate having Structure MAM9 and/or an
amidine compound having Structure AM9, an the amine hav-
ing Structure A4 is utilized when preparing a metal amidinate
having Structure MAM16. MAM18, or MAM20 and/or an
amidine compound having Structure AM16, AMI18, or
AM20. However, it should be noted that the methods
described herein provide for the conversion amidine com-
pounds having Structures AM6-10, AM16, AM18, and/or
AM20 (wherein R? is hydrogen) or metal amidinates having
Structures MAM6-MAMI10, MAMI16, MAMI18, and/or
MAM20 (wherein R? is hydrogen) into amidine compounds
having Structures NP1-NP5, NP11, NP13, and/or NP15
(wherein R? is not hydrogen). R', D*, L', L, Q*, and q within
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amine Structures A1-A4 are independently described as fea-
tures of the N*-phosphinyl amidine compounds Structures
NP1-NP10, NP11, NP13, NP15, NP16, NP18, and/or NP20.
Since amine Structures A1-A4 are ultimately utilized to pre-
pare embodiments of N2-phosphinyl amidine compounds
having Structures NP1-NP10, NP11, NP13, NP15, NP16,
NP18, and/or NP20, the R', D*, L', L, Q', and q, descrip-
tions for the N?-phosphinyl amidine compounds may be uti-
lized without limitation to further describe the amine Struc-
tures Al-A4. Amines are disclosed herein and may be
utilized, without limitation, to further describe the method to
prepare the amidine compound.

In an embodiment, the metal compound capable of
abstracting the proton from an amine having an —NH2 group
can be a metal hydride or a metal alkyl. Generally, metal
hydrides and metal alkyls capable of abstracting the proton
from an amine having an —NH2 group can be the same as
those capable of abstracting the proton from the amidine
compound (described herein). Consequently, the metal
hydrides and metal alkyls describe herein as capable of
capable of abstracting the proton from the amidine compound
can be utilized, without limitation, to further describe the
method preparing the metal amide.

Generally, the amine and the metal compound can be com-
bined in an amine to metal compound equivalent ratio of at
least 0.9:1. In an embodiment, the amine and the metal com-
pound can be combined in an amine to metal compound
equivalent ratio of at least 0.95:1; alternatively, of at least
0.975:1; or alternatively, of at least 0.99:1. In some embodi-
ments, the amine and the metal compound can be combined in
an amine and metal compound equivalent ratio ranging from
0.9:1 to 1.25:1; alternatively, ranging from 0.95:1 to 1.20:1;
alternatively, ranging from 0.975:1 to 1.15:1; or alternatively,
ranging from 0.99:1 to 1.10:1. In other embodiments, the
amine and the metal compound can be combined in an amine
to metal compound equivalent ratio of about 1:1.

In an embodiment, the conditions capable of forming the
metal amide can include a temperature of at least -45° C.;
alternatively, of at least —=30° C.; alternatively, of at least -25°
C.; or alternatively, of at least —20° C. In some embodiments,
the reaction conditions capable of forming a metal amide can
include a temperature ranging from —45° C. to 60° C.; alter-
natively, ranging from -30° C. to 50° C.; alternatively, rang-
ing from -25° C. to 45° C.; or alternatively, ranging from
-20° C. to 40° C.

In some embodiments, the conditions capable of forming
the metal amide can include an initial metal compound and
amine contact temperature and a second temperature to form
the metal amide. It should be noted the when the conditions
capable of forming the metal amide is described as occurring
at two temperatures (one for the contact of the metal com-
pound and the amine and one for the formation of the metal
amide) that this description does not exclude the prospect that
metal amide can be formed at the contact temperature. The
description just relates that, in some embodiments, the for-
mation can proceed better when the initial contact between
the metal compound and amine is performed at one tempera-
ture and the formation of the metal amide is completed at a
second different temperature.

In an embodiment, the metal compound and amine can be
contacted at a temperature ranging from —45° C. to 20° C.;
alternatively, ranging from -30° C. to 15° C.; alternatively,
ranging from -25° C. to 45° C.; or alternatively, ranging from
-20° C. t0 40° C. In an embodiment, the metal amide can be
formed at a temperature ranging from 0° C. to 20° C.; alter-
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natively, ranging from 5° C. to 15° C.; alternatively, ranging
from 10° C. to 45° C.; or alternatively, ranging from 15° C. to
40° C.

In an embodiment, the conditions capable of forming the
metal amide can include a metal amide formation time of at
least 5 minutes; alternatively, of at least 10 minutes; alterna-
tively, of at least 15 minutes; or alternatively, of at least 20
minutes. In some embodiments, the conditions capable of
forming the metal amide can include a metal amide formation
time ranging from 5 minutes to 6 hours; alternatively, ranging
from 10 minutes to 5 hours; alternatively, ranging from 15
minutes to 4.5 hours; or alternatively, ranging from 20 min-
utes to 4 hours.

In an embodiment, the metal compound and the amine can
be contacted in an aprotic solvent. In some embodiments, the
metal compound and the amine can be contacted in a polar
aprotic solvent. Aprotic solvents which can be utilized
include hydrocarbon solvents and ether solvents. Polar apro-
tic solvents which can be utilized include ether solvents.
Solvents are generally disclosed herein and any general or
specific aprotic solvent and/or polar aprotic solvent described
herein can be utilized to further describe the method of pre-
paring the metal amide by contacting a metal compound and
an amine compound and forming a metal amide.

In an embodiment, the metal amide can be utilized without
further isolation or purification. In some embodiments, the
metal amide can be isolated; alternatively, purified; or alter-
natively, isolated and purified. In an embodiment, the method
can include a step of isolating the metal amide by filtering the
metal amide from the solution. In some embodiments, the
method can include a step of purifying the metal amide by
washing the metal amide with a solvent. Generally, the wash-
ing solvent is an aprotic solvent. In other embodiments, the
washing solvent can be polar aprotic solvent. In other
embodiments, the washing solvent can be a non-polar aprotic
solvent.

Generally, methods of preparing an amidine compound
utilizing metal amides and nitriles produce amidine com-
pounds having two N? hydrogens (e.g., amidine compounds
having Structure AM6-AM10, AM16, AM18, and/or AM20)
which can then be utilized to prepare an N>-phosphinyl ami-
dine compound having an N* hydrogen atom (e.g. N*-phos-
phinyl amidine compounds having Structures NP6-NP10,
NP16, NP18, and/or NP20, respectively) utilizing methods
described herein. However, in some instances it may be desir-
able to have N2-phosphinyl amidine compounds having a
non-hydrogen N? group; e.g., N*>-phosphinyl amidine com-
pounds having Structures NP1-NP5, NP11, NP13, and/or
NP15 wherein R? is a non-hydrogen group. Some methods of
preparing the N*-phosphinyl amidine compounds having a
non-hydrogen N” group include: a) alkylating an N-phosphi-
nyl amidine compound having an N* hydrogen atom (e.g.,
NZ2-phosphinyl amidine compounds having Structure NP6-
NP10, NP16, NP18, and/or NP20), b) alkylating a metal
amidinate (e.g., an amidinate having Structure MAMG6-
MAMI10, MAM16, MAM18, and/MAM20) to produce an
amidine compound having Structures AM1-AMS, AM11,
AM13, AM15 wherein R® is an non-hydrogen group and
converting the amidine compound to an N2-phosphinyl ami-
dine compound (e.g., N*-phosphinyl amidine compounds
having Structure NP1-NP5, NP11, NP13, and/or NP15) uti-
lizing methods described herein, and ¢) preparing an amidine
compound having only one N hydrogen atom by contacting
an N-substituted a-chloro imine with an amine and convert-
ing the amidine compound to an N*-phosphinyl amidine
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compound (e.g., N*-phosphinyl amidine compounds having
Structure NP1-NP5, NP11, NP13, and/or NP15) utilizing
methods described herein.

In an aspect, a method of preparing an N>-phosphinyl
amidine compound can comprise: a) contacting an N>-phos-
phinyl amidine compound having an N? hydrogen and a
metallic compound capable of abstracting a proton from the
N2-phosphinyl amidine compound; b) forming a metal
N2-phosphinyl amidinate; ¢) contacting a halogenated com-
pound with the formed metal N*-phosphinyl amidinate and d)
forming the N>-phosphinyl amidine compound. Generally,
the N2-phosphinyl metal amidinate can be formed under con-
ditions capable of forming a metal amidinate. In an embodi-
ment, the metal N*-phosphinyl amidinate can be isolated;
alternatively, purified; or alternatively, isolated and purified.
Generally, the N>-phosphinyl amidine compound can be
formed under conditions capable of forming an N2-phosphi-
nyl amidine compound. In an embodiment, the N*-phosphi-
nyl amidine compound can be isolated; alternatively, puri-
fied; or alternatively, isolated and purified.

In an embodiment, the amidine compound having an N*
hydrogen can have Structure NP6, NP7, NP8, NP9, NP10,
NP16, NP18, or NP20; alternatively, NP6, NP7, NP8, NP9, or
NP10; alternatively, NP16, NP18, or NP20; alternatively,
NP6 or NP16; alternatively, NP8 or NP18; alternatively,
NP10 or NP20; alternatively, NP6; alternatively, NP7; alter-
natively, NP8; alternatively, NP9; alternatively, NP10; alter-
natively, NP16; alternatively, NP18; or alternatively, NP20.
RY, R?, D', D? LY L% L?, Q', q, and r within amidine
compounds having an N? hydrogen having Structures NP6-
NP10, NP16, NPI18, and/or NP20 are independently
described as features of the N>-phosphinyl amidine com-
pound Structures NP1-NP10, NP11, NP13, NP15, NP16,
NP18, and/or NP20. Since NZ-phosphinyl amidine com-
pound Structures NP6-NP10, NP16, NP18, and/or NP20 are
utilized to prepare the N*-phosphinyl amidine compounds
having Structures NP1-NP5,NP11,NP13, and NP15 (respec-
tively), theR', R* D', D? L', L% L*, Q", q, and r descriptions
for the N*-phosphinyl amidine compounds having Structures
NP1-NP10, NP11, NP13, NP15, NP16, NP18, and/or NP20
can be utilized without limitation to further describe the
N2-phosphinyl amidine compounds having Structures NP6-
NP10, NP16, NP18, and/or NP20.

In an embodiment, the metal compound capable of
abstracting a proton from the N-phosphinyl amidine com-
pound can be a metal hydride or a metal alkyl. Generally,
metal hydrides and metal alkyls capable of abstracting the
proton from the N-phosphinyl amidine compound are the
same as those capable of abstracting the proton from the
amidine compound. Consequently, the metal hydrides and
metal alkyls described herein as capable of abstracting the
proton from the amidine compound can be utilized, without
limitation, to further describe the method preparing the
N2-phosphinyl amidine compound.

Generally, the N*-phosphinyl amidine compound and the
metal compound can be combined in an amidine to metal
compound equivalent ratio of at least 0.9:1. In an embodi-
ment, the N2-phosphinyl amidine compound and the metal
compound can be combined in an amidine to metal com-
pound equivalent ratio of at least 0.95:1; alternatively, of at
least 0.975:1; or alternatively, of at least 0.99:1. In some
embodiments, the N*-phosphinyl amidine compound and the
metal compound can be combined in an amidine and metal
compound equivalent ratio ranging from 0.9:1 to 1.25:1;
alternatively, ranging from 0.95:1 to 1.20:1; alternatively,
ranging from 0.975:1 to 1.15:1; or alternatively, ranging from
0.99:1 to 1.10:1. In other embodiments, the N*-phosphinyl
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amidine compound and the metal compound can be com-
bined in an amidine to metal compound equivalent ratio of
about 1:1.

In an embodiment, the conditions capable of forming the
metal N*-phosphinyl amidinate can include a temperature of
at least —45° C.; alternatively, of at least —30° C.; alterna-
tively, of at least =25° C.; or alternatively, of at least —20° C.
In some embodiments, the reaction conditions capable of
forming a metal N?-phosphinyl amidinate can include a tem-
perature ranging from —-45° C. to 60° C.; alternatively, rang-
ing from -30° C. to 50° C.; alternatively, ranging from -25°
C. 10 45° C; or alternatively, ranging from -20° C. to 40° C.

In some embodiments, the conditions capable of forming
the metal N2-phosphinyl amidinate can include an initial
metal compound and amidine contact temperature and a sec-
ond temperature to form the metal N*-phosphinyl amidinate.
It should be noted that when the conditions capable of form-
ing the metal N2-phosphinyl amidinate is described as occur-
ring at two temperatures (one for the contact of the metal
compound and the amidine and one for the formation of the
metal N2-phosphinyl amidinate) that this description does not
exclude the prospect that the metal N>-phosphinyl amidinate
can be formed at the contact temperature. The description just
relates that, in some embodiments, the formation can proceed
better when the initial contact between the metal compound
and amidine is performed at one temperature and the forma-
tion of the metal N*-phosphinyl amidinate is completed at a
second different temperature.

In an embodiment, the metal compound and amidine can
be contacted at a temperature ranging from —45° C.t0 20° C.;
alternatively, ranging from -30° C. to 15° C.; alternatively,
ranging from -25° C. to 45° C.; or alternatively, ranging from
-20° C. to 40° C. In an embodiment, the metal N*-phosphiny]
amidinate can be formed at a temperature ranging from 0° C.
to 20° C.; alternatively, ranging from 5° C. to 15° C.; alter-
natively, ranging from 10° C. to 45° C.; or alternatively,
ranging from 15° C. to 40° C.

In an embodiment, the conditions capable of forming the
metal N*-phosphinyl amidinate can include a metal N*-phos-
phinyl amidinate formation time of at least 5 minutes; alter-
natively, of at least 10 minutes; alternatively, of at least 15
minutes; or alternatively, of at least 20 minutes. In some
embodiments, the conditions capable of forming the metal
NZ2-phosphinyl amidinate can include a metal N>-phosphinyl
amidinate formation time ranging from 5 minutes to 6 hours;
alternatively, ranging from 10 minutes to 5 hours; alterna-
tively, ranging from 15 minutes to 4.5 hours; or alternatively,
ranging from 20 minutes to 4 hours.

In an embodiment, the metal compound and the N*-phos-
phinyl amidine can be contacted in an aprotic solvent. Insome
embodiments, the metal compound and the N2-phosphinyl
amidine can be contacted in a polar aprotic solvent. Aprotic
solvents which can be utilized include hydrocarbon solvents
and ether solvents. Polar aprotic solvents which can be uti-
lized include ether solvents. Solvents are generally disclosed
herein and any general or specific aprotic solvent and/or polar
aprotic solvent described herein can be utilized to further
describe the method of preparing the metal N>-phosphinyl
amidinate by contacting a metal compound and an N*-phos-
phinyl amidine compound and forming a metal N*-phosphi-
nyl amidinate.

In an embodiment, the metal N*-phosphinyl amidinate can
be utilized without further isolation or purification. In some
embodiments, the metal N>-phosphinyl amidinate can be iso-
lated; alternatively, purified; or alternatively, isolated and
purified. In an embodiment, the method can include a step of
isolating the metal N*-phosphinyl amidinate by filtering the
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metal N2-phosphinyl amidinate from the solution. In some
embodiments, the method can include a step of purifying the
metal NZ-phosphinyl amidinate by washing the metal
NZ2-phosphinyl amidinate with a solvent. Generally, the wash-
ing solvent is an aprotic solvent. In other embodiments, the
washing solvent can be polar aprotic solvent. In other
embodiments, the washing solvent can be a non-polar aprotic
solvent.

In an embodiment, the halogenated compound can have
Structure HC1.

X2R3 Structure HC1

X2 of Structure HC1 represents a halide. In an embodiment,
X? of the halogenated compound can be fluoride, chloride,
bromide, or iodide; alternatively, fluoride; alternatively, chlo-
ride; alternatively, bromide; or alternatively, iodide. R within
halogenated compound Structure HC1 is independently
described as a feature of the N2-phosphinyl amidine com-
pound Structures NP1-NP10, NP11, NP13, NP15, NP16,
NP18, and/or NP20. Since halogenated compound HC1 is
utilized to prepare embodiments of N>-phosphinyl amidine
compounds having Structures NP1-NP5, NP11, NP13, and/
or NP15, the R? description for the N*-phosphinyl amidine
compounds can be utilized without limitation to further
describe halogenated compounds having Structure HCI.
Halogenated compounds are disclosed herein and can be
utilized, without limitation, to further describe the method to
prepare the N*-phosphinyl amidine compound.

Generally, the halogenated compound and the metal
N2-phosphinyl amidinate can be combined in a halogenated
compound to metal N>-phosphinyl amidate equivalent ratio
ofatleast 0.9:1. In some embodiments, the halogenated com-
pound and the metal N*-phosphinyl amidinate can be com-
bined in a halogenated compound to metal N*-phosphinyl
amidate equivalent ratio of at least 0.95:1; alternatively, at
least 0.975:1; or alternatively, at least 0.99:1. In some
embodiments, the halogenated compound and the metal
NZ2-phosphinyl amidinate can be combined in a halogenated
compound to metal N>-phosphinyl amidate equivalent ratio
ranging from 0.9:1 to 1.25:1; alternatively, ranging from
0.95:1 to 1.20:1; alternatively, ranging from 0.975:1 to 1.15:
1; or alternatively, ranging from 0.99:1 to 1.10:1. In other
embodiments, the halogenated compound and the metal
NZ2-phosphinyl amidinate can be combined in a halogenated
compound to metal N>-phosphinyl amidate equivalent ratio
of about 1:1.

In an embodiment, the conditions capable of forming an
NZ2-phosphinyl amidine compound can include a reaction
temperature of at least 0° C.; alternatively, of at least 5° C.;
alternatively, of at least 10° C.; or alternatively, of at least 15°
C. In some embodiments, the conditions capable of forming
an N2-phosphinyl amidine compound can include a reaction
temperature ranging from 0° C. to 60° C.; alternatively, rang-
ing from 5° C. to 50° C.; alternatively, ranging from 10° C. to
45° C.; or alternatively, ranging from 15° C. to 40° C. In an
embodiment, the conditions capable of forming an N>-phos-
phinyl amidine compound can include a reaction time of at
least 5 minutes; alternatively, of at least 10 minutes; alterna-
tively, of at least 15 minutes; or alternatively, of at least 20
minutes. In some embodiments, the conditions capable of
forming an N*-phosphinyl amidine compound can include a
reaction time ranging from 5 minutes to 6 hours; alternatively,
ranging from 10 minutes to 5 hours; alternatively, ranging
from 15 minutes to 4.5 hours; or alternatively, ranging from
20 minutes to 4 hours.

In an embodiment, the halogenated compound and the
metal N2-phosphinyl amidinate can be contacted in an aprotic
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solvent. In some embodiments, the halogenated compound
and the metal N*-phosphinyl amidinate can be contacted in a
polar aprotic solvent. Aprotic solvents which can be utilized
include hydrocarbon solvents and ether solvents. Polar apro-
tic solvents which can be utilized include ether solvents.
Solvents are generally disclosed herein and any general or
specific aprotic solvent and/or polar aprotic solvent described
herein can be utilized to further describe the method of pre-
paring an N*-phosphinyl amidine compound comprising con-
tacting a halogenated compound with a metal N>-phosphinyl
amidinate and forming the N*-phosphinyl amidinate.

In an embodiment, the N?-phosphinyl amidine compound
can be utilized without further isolation or purification. In
some embodiments, the N*-phosphinyl amidine compound
can be isolated; alternatively, purified; or alternatively, iso-
lated and purified. In an embodiment, wherein the N>-phos-
phinyl amidine compound can be prepared in a solvent (apro-
tic or polar aprotic), the method to prepare the N>-phosphinyl
amidine compound can include a step of isolating the
NZ2-phosphinyl amidine compound by evaporating the sol-
vent. In an embodiment wherein the N*-phosphinyl amidine
compound can be prepared in a solvent (aprotic or polar
aprotic), the method to prepare the N>-phosphinyl amidine
compound can include the step of isolating the N*-phosphinyl
amidine compound by filtering the solution to remove par-
ticulate materials and/or byproducts of the reaction and
evaporating the solvent. In embodiments, the method to pre-
pare the N*-phosphinyl amidine compound can include a
purification step wherein the N*-phosphinyl amidine com-
pound can purified by dissolving the N*-phosphinyl amidine
compound in a solvent and filtering the solution to remove
particulate materials and/or byproducts of the reaction. The
solvent utilized to purify the N*-phosphinyl amidine com-
pound can be the same as the solvent utilized to form the
N2-phosphinyl amidine compound or it can be different than
the solvent utilized to form the N*-phosphinyl amidine com-
pound. In some embodiments, the method to prepare the
NZ2-phosphinyl amidine compound can include a purification
step of purifying the N2-phosphinyl amidine compound by
washing the N?-phosphinyl amidine compound with a sol-
vent. In other embodiments, the method to prepare the
N2-phosphinyl amidine compound can include a purification
step wherein the N>-phosphinyl amidine compound is recrys-
tallized.

Generally, the evaporation of the solvent can be performed
using any suitable method. In some embodiments, the solvent
can be evaporated at ambient temperature (15-35° C.—no
applied external heat source). In other embodiments, the sol-
vent can be evaporated with gentle heating (e.g., ata tempera-
ture ranging from 25° C. to 50° C.). In further embodiments,
the solvent can be evaporated at ambient temperature under
reduced pressure. In yet other embodiments, the solvent can
be evaporated with gentle heating under reduced pressure.

In an aspect, a method of preparing an N*-phosphinyl
amidine compound can comprise: a) contacting an N*-phos-
phinyl amidine compound having an N hydrogen and a
metallic compound capable of abstracting the proton from the
N2-phosphinyl amidine compound; b) forming a metal
N2-phosphinyl amidinate; ¢) contacting a halogenated com-
pound with the formed metal N*-phosphinyl amidinate and d)
forming the N?-phosphinyl amidine compound. Generally,
the metal amidinate can be formed under conditions capable
of forming a metal amidinate. In an embodiment, the metal
NZ2-phosphinyl amidinate can be isolated; alternatively, puri-
fied; or alternatively, isolated and purified. Generally, the
N2-phosphinyl amidine compound can be formed under con-
ditions capable of forming an N*-phosphinyl amidine com-
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pound. In an embodiment, the N2-phosphinyl amidine com-
pound can be isolated; alternatively, purified; or alternatively,
isolated and purified.

In an embodiment, the amidine compound having an N*
hydrogen can have Structure NP6, NP7, NP8, NP9, NP10,
NP16, NP18 or NP20; alternatively, NP6; alternatively, NP7,
alternatively, NP8; alternatively, NP9; alternatively, NP10;
alternatively, NP16; alternatively, NP18; or alternatively,
NP20.R', R? D', D* L', L L?, Q' q, and r within amidine
compounds having an N? hydrogen having Structures NP6-
NP10, NP16, NP 18, and NP20 are independently described
as features of the N*-phosphinyl amidine compound Struc-
tures NP1-NP5. Since N*-phosphinyl amidine compound
Structures AM1-AM10,AM16, AM18 and AM20 are utilized
to prepare the N-phosphinyl amidine compounds having
Structures NP1-NP10, NP16, NP18, and NP20 the R!, R?
D, D? L', L% L Q' q, and rdescriptions for the N*-phos-
phinyl amidine compounds having Structures NP1-NP5 can
be utilized without limitation to further describe the N*-phos-
phinyl amidine compounds having Structures NP6-NP10,
NP16, NP18, and NP20 alternatively, Structure NP6; alterna-
tively, Structure NP7; alternatively, Structure NP8; alterna-
tively, NP9; alternatively, Structure NP10; alternatively,
Structure NP16; alternatively, Structure NP18; or alterna-
tively, Structure NP20.

In an embodiment, the metal compound capable of
abstracting the proton from the N2-phosphinyl amidine com-
pound can be a metal hydride or a metal alkyl. Generally,
metal hydrides and metal alkyls capable of abstracting the
proton from the N*-phosphinyl amidine compound are the
same as those capable of abstracting the proton from the
amidine compound. Consequently, the metal hydrides and
metal alkyls described herein as capable of abstracting the
proton from the amidine compound can be utilized, without
limitation, to further describe the method preparing the
NZ2-phosphinyl amidine compound.

Generally, the N*-phosphinyl amidine compound and the
metal compound can be combined in an amidine to metal
compound equivalent ratio of at least 0.9:1. In an embodi-
ment, the N2-phosphinyl amidine compound and the metal
compound can be combined in an amidine to metal com-
pound equivalent ratio of at least 0.95:1; alternatively, of at
least 0.975:1; or alternatively, of at least 0.99:1. In some
embodiments, the N*-phosphinyl amidine compound and the
metal compound can be combined in an amidine and metal
compound equivalent ratio ranging from 0.9:1 to 1.25:1;
alternatively, ranging from 0.95:1 to 1.20:1; alternatively,
ranging from 0.975:1 to 1.15:1; or alternatively, ranging from
0.99:1 to 1.10:1. In other embodiments, the N*-phosphinyl
amidine compound and the metal compound can be com-
bined in an amidine to metal compound equivalent ratio of
about 1:1.

In an embodiment, the conditions capable of forming the
metal N*-phosphinyl amidinate can include a temperature of
at least —45° C.; alternatively, of at least —30° C.; alterna-
tively, of at least =25° C.; or alternatively, of at least —20° C.
In some embodiments, the reaction conditions capable of
forming a metal N*-phosphinyl amidinate can include a tem-
perature ranging from -45° C. to 60° C.; alternatively, rang-
ing from -30° C. to 50° C.; alternatively, ranging from -25°
C. 10 45° C.; or alternatively, ranging from -20° C. to 40° C.

In some embodiments, the conditions capable of forming
the metal N2-phosphinyl amidinate can include an initial
metal compound and amidine contact temperature and a sec-
ond temperature to form the metal N*-phosphinyl amidinate.
It should be noted the when the conditions capable of forming
the metal N*-phosphinyl amidinate is described as occurring
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at two temperatures (one for the contact of the metal com-
pound and the amidine and one for the formation of the metal
N2-phosphinyl amidinate) that this description does not
exclude the prospect that metal N*-phosphinyl amidinate can
be formed at the contact temperature. The description just
relates that, in some embodiments, the formation proceed
better when the initial contact between the metal compound
and amidine is performed at one temperature and the forma-
tion of the metal N*-phosphinyl amidinate is completed at a
second different temperature.

In an embodiment, the metal compound and amidine can
be contacted at a temperature ranging from —45° C.t0 20° C.;
alternatively, ranging from -30° C. to 15° C.; alternatively,
ranging from -25° C. to 45° C.; or alternatively, ranging from
-20° C. to 40° C. In an embodiment, metal N>-phosphinyl
amidinate is formed at a temperature ranging from 0° C. to
20° C.; alternatively, ranging from 5° C. to 15° C.; alterna-
tively, ranging from 10° C. to 45° C.; or alternatively, ranging
from 15° C. to 40° C.

In an embodiment, the conditions capable of forming the
metal N2-phosphinyl amidinate can include a metal N*-phos-
phinyl amidinate formation time of at least 5 minutes; alter-
natively, of at least 10 minutes; alternatively, of at least 15
minutes; or alternatively, of at least 20 minutes. In some
embodiments, the conditions capable of forming the metal
N2-phosphinyl amidinate can include a metal N*-phosphinyl
amidinate formation time ranging from 5 minutes to 6 hours;
alternatively, ranging from 10 minutes to 5 hours; alterna-
tively, ranging from 15 minutes to 4.5 hours; or alternatively,
ranging from 20 minutes to 4 hours.

In an embodiment, the metal compound and the N*-phos-
phinyl amidine can be contacted in an aprotic solvent. Insome
embodiments, the metal compound and the N2-phosphinyl
amidine can be contacted in a polar aprotic solvent. Aprotic
solvents which may be utilized include hydrocarbon solvents
and ether solvents. Polar aprotic solvents which may be uti-
lized include ether solvents. Solvents are generally disclosed
herein and any general or specific aprotic solvent and/or polar
aprotic solvent described herein can be utilized to further
describe the method of preparing the metal N*-phosphinyl
amidinate by contacting a metal compound and an N*-phos-
phinyl amidine compound and forming a metal N*-phosphi-
nyl amidinate.

In an embodiment, the metal N*-phosphinyl amidinate can
be utilized without further isolation or purification. In some
embodiments, the metal N>-phosphinyl amidinate can be iso-
lated; alternatively, purified; or alternatively, isolated and
purified. In an embodiment, the method can include a step of
isolating the metal N*-phosphinyl amidinate by filtering the
metal N2-phosphinyl amidinate from the solution. In some
embodiments, the method can include a step of purifying the
metal N2-phosphinyl amidinate by washing the metal
NZ2-phosphinyl amidinate with a solvent. Generally, the wash-
ing solvent is an aprotic solvent. In other embodiments, the
washing solvent can be polar aprotic solvent. In other
embodiments, the washing solvent can be a non-polar aprotic
solvent.

In an embodiment, the halogenated compound can have
Structure HC1.

X2R3 Structure HC1

X2 of Structure HCI represents a halide. In an embodiment,
X? of the halogenated compound can be fluoride, chloride,
bromide, or iodide; alternatively, fluoride; alternatively, chlo-
ride; alternatively, bromide; or alternatively, iodide. R* within
halogenated compound Structure HC1 is independently
described as a feature of the N2-phosphinyl amidine com-
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pound Structures NP1-NP5. Since halogenated compound
HC1 is utilized to prepare embodiments of N2-phosphinyl
amidine compounds having Structures NP1-NP5, the R?
description for the N*-phosphinyl amidine compounds can be
utilized without limitation to further describe the halogenated
compound having Structure HC1. Halogenated compounds
are disclosed herein and can be utilized, without limitation, to
further describe the method to prepare the N>-phosphinyl
amidine compound.

Generally, the halogenated compound and the metal
NZ2-phosphinyl amidinate can be combined in a halogenated
compound to metal N>-phosphinyl amidate equivalent ratio
ofatleast 0.9:1. In some embodiments, the halogenated com-
pound and the metal N*-phosphinyl amidinate can be com-
bined in a halogenated compound to metal N*-phosphinyl
amidate equivalent ratio of at least 0.95:1; alternatively, of at
least 0.975:1; or alternatively, of at least 0.99:1. In some
embodiments, the halogenated compound and the metal
N2-phosphinyl amidinate can be combined in a halogenated
compound to metal N>-phosphinyl amidate equivalent ratio
ranging from 0.9:1 to 1.25:1; alternatively, ranging from
0.95:1 to 1.20:1; alternatively, ranging from 0.975:1 to 1.15:
1; or alternatively, ranging from 0.99:1 to 1.10:1. In other
embodiments, the halogenated compound and the metal
NZ2-phosphinyl amidinate can be combined in a halogenated
compound to metal N>-phosphinyl amidate equivalent ratio
of about 1:1.

In an embodiment, the conditions capable of forming an
NZ2-phosphinyl amidine compound can include a reaction
temperature of at least 0° C.; alternatively, of at least 5° C.;
alternatively, of at least 10° C.; or alternatively, of at least 15°
C. In some embodiments, the conditions capable of forming
an N2-phosphinyl amidine compound can include a reaction
temperature ranging from 0° C. to 60° C.; alternatively, rang-
ing from 5° C. to 50° C.; alternatively, ranging from 10° C. to
45° C.; or alternatively, ranging from 15° C. to 40° C. In an
embodiment, the conditions capable of forming an N*-phos-
phinyl amidine compound can include a reaction time of at
least 5 minutes; alternatively, of at least 10 minutes; alterna-
tively, of at least 15 minutes; or alternatively, of at least 20
minutes. In some embodiments, the conditions capable of
forming an N*-phosphinyl amidine compound can include a
reaction time ranging from 5 minutes to 6 hours; alternatively,
ranging from 10 minutes to 5 hours; alternatively, ranging
from 15 minutes to 4.5 hours; or alternatively, ranging from
20 minutes to 4 hours.

In an embodiment, the halogenated compound and the
metal N2-phosphinyl amidinate can be contacted in an aprotic
solvent. In some embodiments, the halogenated compound
and the metal N2-phosphinyl amidinate can be contacted in a
polar aprotic solvent. Aprotic solvents which can be utilized
include hydrocarbon solvents and ether solvents. Polar apro-
tic solvents which can be utilized include ether solvents.
Solvents are generally disclosed herein and any general or
specific aprotic solvent and/or polar aprotic solvent described
herein can be utilized to further describe the method of pre-
paring an N*-phosphinyl amidine compound comprising con-
tacting a halogenated compound with a metal N*-phosphinyl
amidinate and forming the N*-phosphinyl amidinate.

In an embodiment, the N*-phosphinyl amidine compound
can be utilized without further isolation or purification. In
some embodiments, the N*-phosphinyl amidine compound
can be isolated; alternatively, purified; or alternatively, iso-
lated and purified. In an embodiment, wherein the N*-phos-
phinyl amidine compound is prepared in a solvent (aprotic or
polar aprotic), the method to prepare the N*-phosphinyl ami-
dine compound can include a step of isolating the N*-phos-
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phinyl amidine compound by evaporating the solvent. In an
embodiment wherein the N>-phosphinyl amidine compound
is prepared in a solvent (aprotic or polar aprotic), the method
to prepare the N>-phosphinyl amidine compound can include
the step of isolating the N*-phosphinyl amidine compound by
filtering the solution to remove particulate materials and/or
byproducts of the reaction and evaporating the solvent. In
embodiments, the method to prepare the N>-phosphinyl ami-
dine compound can include a purification step wherein the
NZ2-phosphinyl amidine compound is purified by dissolving
the N2-phosphinyl amidine compound in a solvent and filter-
ing the solution to remove particulate materials and/or
byproducts of the reaction. The solvent utilized to purity the
N2-phosphinyl amidine compound can be the same a solvent
utilized to form the N2-phosphinyl amidine compound or it
can be different than the solvent utilized to form the N*-phos-
phinyl amidine compound. In some embodiments, the
method to prepare the N*-phosphinyl amidine compound can
include a purification step of purifying the N*-phosphinyl
amidine compound by washing the N-phosphinyl amidine
compound with a solvent. In other embodiments, the method
to prepare the N>-phosphinyl amidine compound can include
a purification step wherein the N*-phosphinyl amidine com-
pound is recrystallized.

Generally, the evaporation of the solvent can be performed
using any suitable method. In some embodiments, the solvent
can be evaporated at ambient temperature (15-35° C.—no
applied external heat source). In other embodiments, the sol-
vent can be evaporated with gentle heating (e.g. at a tempera-
ture ranging from 25° C. to 50° C.). In further embodiments,
the solvent can be evaporated at ambient temperature under
reduced pressure. In yet other embodiments, the solvent can
be evaporated with gentle heating under reduced pressure.

In an aspect, a method to prepare an amidine compound
having only one N* hydrogen atom can comprise: a) contact-
ing a metal amidinate and a halogenated compound; and b)
forming the amidine compound having only one N* hydrogen
atom. Methods of preparing a metal amidinate are disclosed
herein and can be utilized, without limitation to further
describe the method to prepare an amidine compound having
only one N? hydrogen atom. Generally, an amidine com-
pound having only one N? hydrogen atom can be formed
under conditions capable of forming an amidine compound
having only one N* hydrogen atom. In an embodiment, the
amidine compound having only one N* hydrogen atom can be
isolated; alternatively, purified; or alternatively, isolated and
purified.

In an embodiment, the metal amidinate can have Structure
MAM6, MAM7, MAMS, MAM9, MAMI10; MAMI16;
MAMI1S, or MAM20; alternatively, MAMS6; alternatively,
MAMY7; alternatively, MAMS; alternatively, MAMY; alterna-
tively, MAMIO; alternatively, MAMI6; alternatively,
MAM18 or alternatively, MAM20.R*, R* D, D? L', 1.2, L,
Q', q, and r within metal amidine Structures MAMSG6-
MAMI10, MAM16, MAM18 and MAM20 are independently
described as features of the N*-phosphinyl amidine com-
pound Structures NP1-NP5. Since metal amidine Structures
MAM6-MAM10 MAM16, MAM18, and MAM20 are uti-
lized to prepare embodiments of N2-phosphinyl amidine
compounds having Structures NP6-NP10, NP16 and NP18,
theR', R?, D, D, LY, L% L3 Q!, q, and r descriptions for the
NZ2-phosphinyl amidine compounds can be utilized without
limitation to further describe metal amidine Structures
MAM6-MAM10, MAM16, MAM18, and MAM20.

The halogenated compound has been described herein as a
component for reacting with an N>-phosphinyl amidinate.
Generally, the halogenated compounds useful for reacting
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with an N*-phosphinyl amidinate are the same as those which
can be utilized for reacting with a metal amidinate. Conse-
quently, the halogenated compounds describe herein as a
potential reactant with an N-phosphinyl amidinate can be
utilized, without limitation, to further describe halogenated
compound which can be contacted with the metal amidinate.

Generally, the halogenated compound and the metal amidi-
nate can be combined in a halogenated compound to metal
amidate equivalent ratio of at least 0.9:1. In some embodi-
ments, the halogenated compound and the metal amidinate
can be combined in a halogenated compound to metal ami-
date equivalent ratio of at least 0.95:1; alternatively, of at least
0.975:1; or alternatively, of at least 0.99:1. In some embodi-
ments, the halogenated compound and the metal amidinate
can be combined in a halogenated compound to metal ami-
date equivalent ratio ranging from 0.9:1 to 1.25:1; alterna-
tively, ranging from 0.95:1 to 1.20:1; alternatively, ranging
from 0.975:1 to 1.15:1; or alternatively, ranging from 0.99:1
to 1.10:1. In other embodiments, the halogenated compound
and the metal amidinate can be combined in a halogenated
compound to metal N>-phosphinyl amidate equivalent ratio
of about 1:1.

In an embodiment, the conditions capable of forming the
amidine compound having only one N? hydrogen atom can
include a reaction temperature of at least 0° C.; alternatively,
of at least 5° C.; alternatively, of at least 10° C.; or alterna-
tively, of at least 15° C. In some embodiments, the conditions
capable of forming the amidine compound having only one
N? hydrogen atom can include a reaction temperature ranging
from 0° C. to 60° C.; alternatively, ranging from 5° C. to 50°
C.; alternatively, ranging from 10° C. to 45° C.; or alterna-
tively, ranging from 15° C. to 40° C. In an embodiment, the
conditions capable of forming the amidine compound having
only one N? hydrogen atom can include a reaction time of at
least 5 minutes; alternatively, of at least 10 minutes; alterna-
tively, of at least 15 minutes; or alternatively, of at least 20
minutes. In some embodiments, the conditions capable of
forming the amidine compound having only one N hydrogen
atom can include a reaction time ranging from 5 minutes to 6
hours; alternatively, ranging from 10 minutes to 5 hours;
alternatively, ranging from 15 minutes to 4.5 hours; or alter-
natively, ranging from 20 minutes to 4 hours.

In an embodiment, the halogenated compound and the
metal amidinate can be contacted in an aprotic solvent. In
some embodiments, the halogenated compound and the metal
amidinate can be contacted in a polar aprotic solvent. Aprotic
solvents which can be utilized include hydrocarbon solvents
and ether solvents. Polar aprotic solvents which can be uti-
lized include ether solvents. Solvents are generally disclosed
herein and any general or specific aprotic solvent and/or polar
aprotic solvent described herein can be utilized to further
describe the method of preparing the amidine compound
having only one N* hydrogen atom comprising contacting a
halogenated compound with a metal amidinate and forming
the amidine compound having only one N* hydrogen atom.

In an embodiment, the amidine compound having only one
N? hydrogen atom can be utilized without further isolation or
purification. In some embodiments, the amidine compound
having only one N hydrogen atom can be isolated; or alter-
natively, isolated and purified. In an embodiment, wherein the
amidine compound having only one N hydrogen atom can be
prepared in a solvent (aprotic or polar aprotic), the method to
prepare the N*-phosphinyl amidine compound can include a
step of isolating the amidine compound having only one N>
hydrogen atom by evaporating the solvent. In an embodiment
wherein the amidine compound having only one N* hydrogen
atom can be prepared in a solvent (aprotic or polar aprotic),
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the method to prepare the amidine compound having only one
N2 hydrogen atom can include the step of isolating the ami-
dine compound having only one N* hydrogen atom by filter-
ing the solution to remove particulate materials and/or
byproducts of the reaction and evaporating the solvent. In
some embodiments, the method to prepare the amidine com-
pound having only one N? hydrogen atom can include a
purification step wherein the amidine compound having only
one N? hydrogen atom can be purified by dissolving the
amidine compound having only one N* hydrogen atom in a
solvent and filtering the solution to remove particulate mate-
rials and/or byproducts of the reaction. The solvent utilized to
purify the amidine compound having only one N hydrogen
atom can be the same as the solvent utilized to form the
NZ2-phosphinyl amidine compound or it can be different than
the solvent utilized to form the amidine compound having
only one N* hydrogen atom. In some embodiments, the
method to prepare the amidine compound having only one
hydrogen atom can include a step of purifying the amidine
compound having only one hydrogen atom by washing the
amidine compound having only one hydrogen atom with a
solvent. In other embodiments, the method to prepare the
amidine compound having only one hydrogen atom can
include a step of purifying the amidine compound having
only one hydrogen atom by recrystallization.

Generally, the evaporation of the solvent can be performed
using any suitable method. In some embodiments, the solvent
can be evaporated at ambient temperature (15-35° C.—no
applied external heat source). In other embodiments, the sol-
vent can be evaporated with gentle heating (e.g. at a tempera-
ture ranging from 25° C. to 50° C.). In further embodiments,
the solvent can be evaporated at ambient temperature under
reduced pressure. In yet other embodiments, the solvent can
be evaporated with gentle heating under reduced pressure.

Generally, the methods for forming the metal amide, the
amidine compound, the metal amidinate, and the N*-phos-
phinyl amidine compound can combined in various embodi-
ments to provide a method of forming an NZ-phosphinyl
amidine compound having only one N? hydrogen atom uti-
lizing amines, nitriles, compounds capable of abstracting a
proton from the —NH, group, alkylating compounds, and
phosphine halides. In a non-limiting embodiment, the method
of preparing an N*-phosphinyl amidine compound can com-
prise, or consist essentially of, or consist of: a) contacting the
metal amide and a nitrile; b) forming a first metal amidinate;
c¢) contacting the first metal amidinate with a halogenated
compound; d) forming an amidine compound having only
one N? hydrogen atom; e) isolating the amidine compound
having only one N hydrogen atom; f) contacting the amidine
compound having only one N* hydrogen atom with a com-
pound capable of abstracting a proton from the amidine com-
pound having only one N? hydrogen atom; g) forming a
second metal amidinate; j) contacting the second metal
amidinate and a phosphine halide; and h) forming the
NZ2-phosphinyl amidine compound. In an embodiment, the
metal amidinate formed in step b) is contacted with the halo-
genated compound without forming a non-metal amidine
compound. In other embodiments, the first metal amidinate
formed in step b) is neutralized with a protic compound to
form a non-metal amidine compound which can then be iso-
lated and optionally purified and then utilized to reform the
first amidinate by contacting the non-metal amidine com-
pound with a metal alkyl. In a further non-limiting embodi-
ment, the method of preparing an N2-phosphinyl amidine
compound can comprise: a) contacting an amine having a
—NH, group and a compound capable of abstracting a proton
from the —NH, group; b) forming a metal amide; ¢) contact-
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ing the metal amide and a nitrile; d) forming a first metal
amidinate; e) contacting the first metal amidinate with a halo-
genated compound; f) forming an amidine compound having
only one N? hydrogen atom; g) isolating the amidine com-
pound having only one N* hydrogen atom; h) contacting the
amidine compound having only one N? hydrogen atom with a
compound capable of abstracting a proton from the amidine
compound having only one N* hydrogen atom; i) forming a
second metal amidinate; j) contacting the second metal
amidinate and a phosphine halide; and k) forming the
NZ2-phosphinyl amidine compound. In an embodiment, the
metal amidinate formed in step d) is contacted with the halo-
genated compound without forming a non-metal amidine
compound. In other embodiments, the first metal amidinate
formed in step d) is neutralized with a protic compound to
form a non-metal amidine compound which can then be iso-
lated and optionally purified and then utilized to reform the
first amidinate by contacting the non-metal amidine com-
pound with a metal alkyl. These methods can contain steps
other than those recited in the methods of preparing metal
amides described herein, methods of preparing metal amidi-
nates described herein, methods of preparing amidine com-
pounds described herein, methods of alkylating amidine com-
pound (or metal amidinates) described herein, and methods of
preparing NZ-phosphinyl amidine compounds described
herein which can be utilized to further describe these meth-
ods. Additional features of each of these steps (e.g. reagent
ratios, formation conditions, among other considerations) are
described herein and can be utilized to further describe the
methods.

Generally, the methods for forming the metal amide, the
amidine compound, the metal amidinate, and the N*-phos-
phinyl amidine compound can combined in various methods
to provide a method to form an N2-phosphinyl amidine com-
pound utilizing amines, nitriles, compounds capable of
abstracting a proton from the —NH, group, and phosphine
halides. In a non-limiting embodiment, a method of preparing
an N2-phosphinyl amidine compound can comprise a) con-
tacting a metal amide and a nitrile; b) forming a metal amidi-
nate; ¢) contacting the metal amidinate (formed in step b) and
a phosphine halide; and d) forming the N2-phosphinyl ami-
dine compound. In an embodiment, the metal amidinate
formed in step b) is contacted with the phosphine halide
without forming a non-metal amidine compound. In another
exemplary embodiment, a method of preparing an N>-phos-
phinyl amidine compound can comprise a) contacting an
amine having a —NH, group and a compound capable of
abstracting a proton from the —NH, group; b) forming a
metal amide; ¢) contacting the metal amide and a nitrile; d)
forming a metal amidinate; ) contacting the metal amidinate
(formed in step d) and a phosphine halide; and ) forming the
N2-phosphinyl amidine compound. In an embodiment, the
metal amidinate formed in step d) is contacted with the phos-
phine halide without forming a non-metal amidine com-
pound.

In another non-limiting embodiment, a method of prepar-
ing an N*-phosphinyl amidine compound can comprise: a)
contacting a metal amide and a nitrile; b) forming a first metal
amidinate; ¢) neutralizing the first metal amidinate with a
protic compound to form an amidine compound having an N?
hydrogen atom; d) contacting the amidine compound having
an N? hydrogen atom with a metallic compound capable of
abstracting the hydrogen atom from the amidine compound;
e) forming a second metal amidinate; f) contacting the second
metal amidinate and a phosphine halide; and f) forming the
N2-phosphinyl amidine compound. In a further embodiment,
a method of preparing an N*-phosphinyl amidine compound
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can comprise: a) contacting an amine having a —NH, group
and a compound capable of abstracting a proton from the
—NH, group; b) forming a metal amide; ¢) contacting the
metal amide and a nitrile; d) forming a first metal amidinate;
e) neutralizing the first metal amidinate with a protic com-
pound to form an amidine compound having an N* hydrogen
atom; f) contacting the amidine compound having an N>
hydrogen atom with a metallic compound capable of abstract-
ing the hydrogen atom from the amidine compound; g) form-
ing a second metal amidinate; h) contacting the second metal
amidinate and a phosphine halide; and i) forming the
N2-phosphinyl amidine compound. These methods can con-
tain steps other than those recited in the methods of preparing
metal amides described herein, methods of preparing metal
amidinates described herein, methods of preparing amidine
compounds described herein, and methods of preparing
NZ2-phosphinyl amidine compounds described herein and can
be utilized to further describe these methods. Additional fea-
tures of each of these steps (e.g. reagent ratios, formation
conditions, among other considerations) are described herein
and can be utilized to further describe the methods.

In an embodiment, step a) can comprise contacting an
amine having a —NH, group and a compound capable of
abstracting a proton from the —NH, group and forming a
metal amide. In an embodiment, the compound capable of
abstracting a proton from the —NH, group can be a metal
alkyl. In some embodiments, the compound capable of
abstracting a proton from the —NH, group can be an alkyl
lithium and the metal amide formed is a lithium amide. Metal
alkyl and alkyl lithium compounds are independently dis-
closed herein and can be utilized without limitation to further
describe the methods. In an embodiment, the step of contact-
ing a metal amide and a nitrile can also be a step of contacting
a metal amide and a nitrile under conditions suitable to form
ametal amidinate. It should be appreciated that other methods
of preparing N2-phosphinyl amidine compounds can be pro-
vided using the steps described herein and that these steps can
be carried out in any order compatible with one or more user
and/or process desired goals. In an embodiment, the method
of preparing an N2-phosphinyl amidine compound is carried
out in the order described herein. For example, the method of
preparing an N>-phosphinyl amidine compound can com-
prise formation of a metal amide by contacting of an amine
group and a first metal alkyl under conditions suitable for the
formation of a metal amide. The metal amide can subse-
quently be contacted with a nitrile to form an intermediate
which can be quenched by contacting the intermediate with a
proton source to form a quenched intermediate. The
quenched intermediate can be isolated; alternatively, purified;
or alternatively, isolated and purified. The isolated and/or
purified intermediate can be reacted with second metal alkyl
to produce a metal amidinate which is subsequently contacted
with a phosphine halide under conditions suitable for the
formation of an N*-phosphinyl amidine compound. In an
embodiment, the first metal alkyl and the second metal alkyl
can be the same. In an embodiment, the first metal alkyl and
the second metal alkylcan be different.

In an embodiment, the method of preparing an N*-phos-
phinyl amidine compound can comprise formation of a metal
amide by contacting of an amine group and a metal alkyl
under conditions suitable for the formation of a metal amide.
The metal amide can subsequently be contacted with a nitrile
to form an intermediate which can subsequently contacted
with a phosphine halide under conditions suitable for the
formation of an N*-phosphinyl amidine compound. In such
embodiments, formation of the N*-phosphinyl amidine com-
pound can occur in the absence of a quenched intermediate. In
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such embodiments, formation of the N2-phosphinyl amidine
compound can occur in the absence of a second metal alkyl.
Other embodiments of preparing the amidine compounds
utilizing steps of this disclosure will be apparent to those of
ordinary skill in the art by reading the present disclosure.

In an embodiment, the method of preparing an amidine
compound having only one N* hydrogen atom can comprise:
a) contacting a first amine and an acid halide; b) forming an
amide; ¢) contacting the amide with phosphorus pentachlo-
ride; d) forming an N-substituted a-chloro imine; e) contact-
ing the N-substituted a-chloro imine with a second amine;
and f) forming the amidine compound having only one N>
hydrogen atom. In an embodiment, the amide can be formed
under conditions capable of forming an amide. In some
embodiments, the amide can be isolated; alternatively, puri-
fied; alternatively, isolated and purified. In an embodiment,
the N-substituted a.-chloro imine can be formed under con-
ditions capable of forming an N-substituted c.-chloro imine.
In an embodiment, the N-substituted a-chloro imine can be
isolated; alternatively, purified; or alternatively, isolated and
purified. In an embodiment, the amidine compound having
only one N? hydrogen atom can be isolated; alternatively,
purified; or alternatively, isolated and purified. In an embodi-
ment, the amidine compound having only one N* hydrogen
atom can be formed under conditions capable of forming an
amidine compound having only one N* hydrogen atom.

In an embodiment, the first amine can have Structure Al,
A2, A3, or A4; alternatively, Structure Al; alternatively,
Structure A2; alternatively, A3; or alternatively, Structure A4.
Generally, utilizing the present disclosure, one can readily
recognize the amine structure necessary to produce a particu-
lar amidine compound or N*-phosphinyl amidine compound.
For example, the amine having Structure Al can be utilized
when preparing an amidine compound having Structure
AM1, AM3, or AMS and/or an N*-phosphinyl amidine com-
pound having Structure NP1, NP3, or NP5, the amine having
Structure A2 can be utilized when preparing an amidine com-
pound having Structure AM2 and/or an N*-phosphinyl ami-
dine compound having Structure NP2, the amine having
Structure A3 can utilized when preparing an amidine com-
pound having Structure AM4 and/or an N*-phosphinyl ami-
dine compound having Structure AM4, the amine having
Structure A4 can be utilized when preparing an amidine com-
pound having Structure AM11, AM13, or AM15 and/or an
NZ2-phosphinyl amidine compound having Structure NP11,
NP13, or NP15. Amines having Structure A1, A2, A3, and A4
are describe herein and can be utilized without limitation to
further describe the method of preparing an amidine com-
pound having only one N hydrogen atom.

In an embodiment, the acid halide can have Structure AC1,
AC2, or AC3; alternatively, AC1; alternatively, AC2; or alter-
natively, AC3. Generally, utilizing the present disclosure, one
can readily recognize the acid halide structure necessary to
produce a particular amidine compound or N*-phosphinyl
amidine compound. For example, the acid halide having
Structure AC1 can be

Structure AC1
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utilized when preparing an amidine compound having Struc-
ture AM1, AM2, AM4, AM11, AM12, or AM14 and/or an
N2-phosphinyl amidine compound having Structure NP1,
NP2, NP4, NP11, NP12, or NP12, the acid halide having
Structure AC2 can be utilized when preparing an amidine
having Structure AM3 or AM13 and/or an N*-phosphinyl
amidine compound having Structure NP3, or NP13, and the
acid halide having Structure AC3 can be utilized when pre-
paring an amidine compound having Structure AMS or AM15
and/or an N2-phosphinyl amidine compound having Struc-
ture NP5 or NP15. R?, D? L2 and q within acid halide
Structures AC1-AC3 are independently described as features
of the N*-phosphinyl amidine compound having Structures
NP1-NP10, NP11, NP13, NP15, NP16, NP18, and NP20.
Since acid halide Structures AC1-AC3 are utilized to prepare
embodiments of N>-phosphinyl amidine compounds having
Structures NP1-NP5, NP11, NP13, and NP15, the R*, D?, 1.2,
and q descriptions for the N*-phosphinyl amidine compounds
can be utilized without limitation to further describe acid
halide Structures AC1-AC3. In an embodiment, X> of acid
halide Structures AC1-AC3 represents a halide. In an embodi-
ment, X? of the acid halide can be fluoride, chloride, bromide,
or iodide; alternatively, fluoride; alternatively, chloride; alter-
natively, bromide; or alternatively, iodide.

In an embodiment, the formed amide can have Structure
ADI1, AD2, AD3, AD4, or ADS; alternatively, AD1; alterna-
tively, AD2; alternatively, AD3; alternatively, AD4; or alter-
natively, ADS.
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Generally, utilizing the present disclosure, one can readily
recognize the acid halide structure necessary to produce a
particular amide. For example, the acid halide having Struc-
ture AC1 can be utilized when preparing the amide having
Structure AD1, AD2, AD4, or AD11, the acid halide having
Structure AC2 can be utilized when preparing the amide
having Structure AD3 or AD13, and the acid halide having
Structure AC3 can be utilized when preparing an amidine
compound having Structure ADS or AD15. Generally utiliz-
ing the present disclosure, one can readily recognize the
amine structure necessary to produce a particular amide. For
example, the amine having Structure A1 can be utilized when
preparing the amide having Structure AD1, AD3, or ADS, the
amine having Structure A2 can be utilized when preparing the
amide having Structure AD2, the amine having Structure A3
can be utilized when preparing the amide having Structure
AD4, and the amine having Structure A4 can be utilized when
preparing the amide having Structure AD11,AD13, or AD15.
RYLR?, DY, D% LY, LA L3, QY q, and r within amide Structures
AD1-ADS, AD11, AD13, and/or AD15 are independently
described as features of the N*-phosphinyl amidine com-
pound Structures NP1-NP10, NP11, NP13, NP15, NP16,
NP18, and/or NP20. Since the amide having Structures AD1-
ADS, AD11, AD13, and/or AD15 are utilized to prepare
embodiments of N>-phosphinyl amidine compounds having
Structures NP1-NP10, NP11, NP13, NP15, NP16, NP18,
and/or NP20, the R', R, D!, D?, L', L? L?, Q', q, and r
descriptions for the N*-phosphinyl amidine compounds can
be utilized without limitation to further describe the amide
having Structures AD1-ADS, AD11, AD13, and/or AD15.

Generally, the acid halide and the first amine can be com-
bined in an acid halide to first amine equivalent ratio of at least
0.9:1. In some embodiments, the acid halide and the first
amine can be combined in an acid halide to first amine equiva-
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lent ratio of at least 0.95:1; alternatively, of at least 0.975:1; or
alternatively, of at least 0.99:1. In some embodiments, the
acid halide and the first amine can be combined in an acid
halide to first amine equivalent ratio ranging from 0.9:1 to
1.25:1; alternatively, ranging from 0.95:1 to 1.20:1; alterna-
tively, ranging from 0.975:1 to 1.15:1; or alternatively, rang-
ing from 0.99:1 to 1.10:1. In other embodiments, the acid
halide and the first amine can be combined in an acid halide to
first amine equivalent ratio of about 1:1.

Insome embodiments, the step of contacting the firstamine
and the acid halide further comprises contacting the first
amine and the acid halide with a compound capable of form-
ing a hydrogen halide salt (i.e. can be a step of contacting a
first amine, an acid halide, and a compound capable of form-
ing a hydrogen halide salt). In an embodiment, the compound
capable of forming a hydrogen halide salt is an amine. In
some embodiments, the amine utilized to form a hydrogen
halide salt can have the formula (R#),N. In an embodiment,
each R* independently can be a C, to C,, hydrocarbyl group;
alternatively, a C, to C hydrocarbyl group; alternatively, a C,
to C,, alkyl group; or alternatively, a C, to Cs alkyl group.
Hydrocarbyl and alkyl groups are independently described
herein (for example as substitutent groups for substituent R*
groups, among other places) and can be utilized without
limitation to further describe the amine having the formula
(R);N. In some embodiments, the amine utilized as the
compound capable of forming a hydrogen halide salt can be
trimethylamine or triethylamine; alternatively, trimethy-
lamine; or alternatively, triethylamine.

Generally, the compound capable of forming a hydrogen
halide salt, when used, can be utilized at a compound capable
of forming a hydrogen halide salt to first amine equivalent
ratio of at least 1:1. In an embodiment, the compound capable
of forming a hydrogen halide salt, when used, can be utilized
at a compound capable of forming a hydrogen halide salt to
first amine equivalent ratio of at least 1.0251; alternatively, of
at least 1.05:1; or alternatively, of at least 1.075:1. In some
embodiments, the compound capable of forming a hydrogen
halide salt, when used, can be utilized at a compound capable
of forming a hydrogen halide salt to first amine equivalent
ratio ranging from 1:1 to 2:1; alternatively, ranging from
1.025:1 to 1.50:1; alternatively, ranging from 1.05:1to 1.5:1;
or alternatively, ranging from 1.075:1 to 1.25:1.

In an embodiment, the conditions capable of forming the
metal amidinate can include a temperature of at least -25° C.;
alternatively, of at least —20° C.; alternatively, of at least -25°
C.; or alternatively, of at least —10° C. In some embodiments,
the reaction conditions capable of forming a metal amidinate
can include a temperature ranging from -25° C. to 100° C.;
alternatively, ranging from —-20° C. to 90° C.; alternatively,
ranging from -15° C. to 85° C.; or alternatively, ranging from
-10° C. to 80° C.

In some embodiments, the conditions capable of forming
the amide can include an initial first amine and acid halide
contact temperature and a second temperature to form the
amide. It should be noted the when the conditions capable of
forming the amide is described as occurring at two tempera-
tures (one for the contact of the first amine and the acid halide
and one for the formation of the amide) that this description
does not exclude the prospect that the amide may be formed
at the contact temperature. The description just relates that, in
some embodiments, the formation may proceed better when
the initial contact between the first amine and acid halide is
performed at one temperature and the formation of the amide
is completed at a second different temperature.

In an embodiment, the first amine and acid halide can be
contacted at a temperature ranging from -25° C. to 40° C.;
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alternatively, ranging from -20° C. to 35° C.; alternatively,
ranging from -15° C. to 30° C.; or alternatively, ranging from
-10° C. to0 25° C. In an embodiment, the amide can be formed
ata temperature ranging from 10° C.to 100° C.; alternatively,
ranging from 15° C. to 90° C.; alternatively, ranging from 20°
C. 1o 85° C.; or alternatively, ranging from 25° C. to 80° C. In
an embodiment, the conditions capable of forming the amide
can include a reaction time of at least 15 minutes; alterna-
tively, of at least 30 minutes; alternatively, of at least 45
minutes; or alternatively, of at least 1 hour. In some embodi-
ments, the conditions capable of forming the amide can
include a reaction time ranging from 15 minutes to 36 hours;
alternatively, ranging from 30 minutes to 30 hours; alterna-
tively, ranging from 45 minutes to 24 hours; or alternatively,
ranging from 1 hour to 18 hours.

In an embodiment, the first amine and the acid halide can be
contacted in an aprotic solvent. In some embodiments, the
first amine and the acid halide can be contacted in a polar
aprotic solvent. Aprotic solvents which can be utilized
include hydrocarbon, halogenated hydrocarbon solvents, and
ether solvents. Solvents are generally disclosed herein and
any general or specific aprotic solvent and/or polar aprotic
solvent described herein can be utilized to further describe the
method of preparing an amide.

In an embodiment, the amide can be utilized without fur-
ther isolation or purification. In some embodiments, the
amide can be isolated; alternatively, purified; or alternatively,
isolated and purified. In an embodiment, the method can
include a step of isolating the amide by evaporating the sol-
vent in which the amide is formed, treating the amide with
water, and separating the amide by filtration. In some embodi-
ments, the method can include a step of isolating the amide by
contacting the composition comprising the amide and the
solvent in which the amide was formed with water, separating
the aqueous portion from the solvent in which the amide was
formed, and evaporating the solvent in which the amide was
formed. In embodiments, the method to prepare the amide
can include a purification step wherein the amide is purified
by dissolving the amide in a solvent and filtering the solution
to remove particulate materials and/or byproducts of the reac-
tion. The solvent utilized to purify the amide can be the same
as the solvent utilized to form the amide or it can be different
than the solvent utilized to form amide. In some embodi-
ments, the method can include a purification step wherein the
amide is purified by washing the amide with a solvent. In
other embodiments, the method to prepare the amide can
include a purification step wherein the amide is recrystallized.

Generally, the evaporation of the solvent can be performed
using any suitable method. In some embodiments, the solvent
can be evaporated at ambient temperature (15-35° C.—no
applied external heat source). In other embodiments, the sol-
vent can be evaporated with gentle heating (e.g. at a tempera-
ture ranging from 25° C. to 50° C.). In further embodiments,
the solvent can be evaporated at ambient temperature under
reduced pressure. In yet other embodiments, the solvent can
be evaporated with gentle heating under reduced pressure.

In some embodiments, the N-substituted c.-chloro imine
can have Structure CI1, CI2, CI3, CI4, CI5, CI11, CI13, or
C15; alternatively, Structure CI1, CI2, CI3, CI4, or CIS; alter-
natively, Structure CI11, CI13, or C15; alternatively, Struc-
ture CI1 or CI11; alternatively, Structure CI3 or CI13; alter-
natively, Structure CIS or CI15; alternatively, Structure CI1;
alternatively, Structure CI2; alternatively, Structure CI3;
alternatively, Structure CI4; alternatively, CI5; alternatively,
Structure CI11; alternatively, Structure CI13; or alternatively,
Structure C15.
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Generally, utilizing the present disclosure, one can readily
recognize the amide structure necessary to produce a particu-
lar ai-chloro imine. For example, the amide having Structure
AD1 can be utilized when preparing an N-substituted
a-chloro imine having Structure CI1, the amide having Struc-
ture AD2 can be utilized when preparing an N-substituted
a-chloro imine having Structure CI12, the amide having Struc-
ture AD3 can be utilized when preparing an N-substituted
a-chloro imine having Structure CI3, the amide having Struc-
ture AD4 can be utilized when preparing an N-substituted
a-chloro imine having Structure CI4, the amide having Struc-
ture ADS can be utilized when preparing an N-substituted
a-chloro imine having Structure CIS5, the amide having Struc-
ture AD11 can be utilized when preparing an N-substituted
a-chloro imine having Structure CI11, the amide having
Structure AD13 can be utilized when preparing an N-substi-
tuted a-chloro imine having Structure CI13, and the amide
having Structure AD15 can be utilized when preparing an
N-substituted a.-chloro imine having Structure CI15. R', R?,
D', D? LY L% L2, Q% g, and r within N-substituted o.-chloro
imine Structures CI1-CIS, CI11, CI13, and CI15 are indepen-
dently described as features of the N*-phosphinyl amidine
compound Structures NP1-NP10, NP11,NP13,NP15, NP16,
NP18, and/or NP20. Since N-substituted a-chloro imine
Structures CI1-C15 can be utilized to prepare embodiments
of N2-phosphinyl amidine compounds having Structures

10

15

20

25

30

35

40

45

50

55

60

65

158
NP1-NP10, NP11, NP13, NP15, NP16, NP18, and/or NP20,
the R, R?, D, D LY, L% L3 Q', q, and r descriptions for the
NZ2-phosphinyl amidine compounds can be utilized without
limitation to further describe the N-substituted a-chloro
imine Structures CI1-CI5, CI11, CI13, and CI15.

Generally, phosphorus pentachloride and the amide can be
contacted in a phosphorus pentachloride to amide group
molar ratio of at least 1:1. In an embodiment, phosphorus
pentachloride and the amide can be contacted in a phosphorus
pentachloride to amide group molar ratio of at least 1.025:1;
alternatively, of at least 1.05:1; or alternatively, of at least
1.075:1. In some embodiments, phosphorus pentachloride
and the amide can be contacted in a phosphorus pentachloride
to amide group molar ratio ranging from 1:1 to 1.5:1; alter-
natively, ranging from 1.025:1 to 1.30:1; alternatively, rang-
ing from 1.05:1 to 1.25:1; or alternatively, ranging from
1.075:1 to 1.20:1.

In an embodiment, the conditions capable of forming the
N-substituted a-chloro imine can include a temperature of at
least 0° C.; alternatively, of at least 5° C.; alternatively, of at
least 10° C.; or alternatively, of at least 15° C. In some
embodiments, the reaction conditions capable of forming the
N-substituted c-chloro imine can include a temperature rang-
ing from 0° C. to 160° C.; alternatively, ranging from 5° C. to
150° C.; alternatively, ranging from 10° C. to 140° C.; or
alternatively, ranging from 15° C. to 130° C.

In some embodiments, the conditions capable of forming
the N-substituted a-chloro imine can include an initial phos-
phorus and amide contact temperature and a second tempera-
ture to form the N-substituted a-chloro imine. It should be
noted the when the conditions capable of forming the N-sub-
stituted a-chloro imine is described as occurring at two tem-
peratures (one for the contact of the initial phosphorus and
amide and one for the formation of the amide) that this
description does not exclude the prospect that the N-substi-
tuted a-chloro imine may be formed at the contact tempera-
ture. The description just relates that, in some embodiments,
the N-substituted a.-chloro imine formation may proceed bet-
ter when the initial contact between the initial phosphorus and
amide is performed at one temperature and the formation of
the N-substituted a-chloro imine is completed at a second
different temperature.

In an embodiment, the first amine and acid halide can be
contacted at a temperature ranging from 0° C. to 60° C.;
alternatively, ranging from 5° C. to 50° C.; alternatively,
ranging from 10° C. to 45° C.; or alternatively, ranging from
15° C. to 40° C. In an embodiment, the amide can be formed
ata temperature ranging from 20° C.to 160° C.; alternatively,
ranging from 30° C. to 150° C.; alternatively, ranging from
35°C.t0140° C.; or alternatively, ranging from 40° C.to 130°
C. In an embodiment, the conditions capable of forming the
amide can include a reaction time of at 5 minutes; alterna-
tively, of at least 10 minutes; alternatively, of at least 15
minutes; or alternatively, of at least 20 minutes. In some
embodiments, the conditions capable of forming the N-sub-
stituted a-chloro imine can include a reaction time ranging
from 5 minutes to 6 hours; alternatively, ranging from 10
minutes to 5 hours; alternatively, ranging from 15 minutes to
4.5 hours; or alternatively, ranging from 20 minutes to 4
hours.

In an embodiment, the phosphorus pentachloride and the
amide can be contacted in an aprotic solvent. In some
embodiments, the phosphorus pentachloride and the amide
can be contacted in a polar aprotic solvent. Aprotic solvents
which can be utilized include hydrocarbon solvents, haloge-
nated hydrocarbon solvents, ether solvents, and any combi-
nation thereof; alternatively, hydrocarbon solvents; alterna-
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tively, halogenated hydrocarbon solvents; or alternatively,
ether solvents. Solvents are generally disclosed herein and
any general or specific aprotic solvent and/or polar aprotic
solvent described herein can be utilized to further describe the
method of preparing an N-substituted a-chloro imine.

Inan embodiment, the N-substituted a.-chloro imine can be
utilized without further isolation or purification. In some
embodiments, the amide can be isolated; alternatively, puri-
fied; or alternatively, isolated and purified. In an embodiment,
the method can include a step of isolating the N-substituted
a-chloro imine by evaporating the solvent in which the
N-substituted a-chloro imine is formed. In some embodi-
ments, the method can include a step of isolating the N-sub-
stituted a-chloro imine by filtering the solution to remove
particulate materials and/or byproducts of the reaction and
evaporating the solvent. In some embodiments, the method
can include a purification step wherein the N-substituted
a-chloro imine is purified by dissolving the N-substituted
a-chloro imine in a solvent and filtering the solution to
remove particulate materials and/or byproducts of the reac-
tion. The solvent utilized to purify the N-substituted a.-chloro
imine can be the same as the solvent utilized to form the
N-substituted o-chloro imine or it can be different than the
solvent utilized to form amide. In some embodiments, the
method can include a step of purifying the N-substituted
a-chloro imine by washing the N-substituted a-chloro imine
with a solvent. In some embodiments, the method can include
a step of purifying the N-substituted a.-chloro imine by dis-
tillation. In other embodiments, the method can include a step
of purifying the N-substituted a-chloro imine by recrystalli-
zation.

Generally, the evaporation of the solvent can be performed
using any suitable method. In some embodiments, the solvent
can be evaporated at ambient temperature (15-35° C.—no
applied external heat source). In other embodiments, the sol-
vent can be evaporated with gentle heating (e.g. at a tempera-
ture ranging from 25° C. to 50° C.). In further embodiments,
the solvent can be evaporated at ambient temperature under
reduced pressure. In yet other embodiments, the solvent can
be evaporated with gentle heating under reduced pressure.
Generally, the distillation of the N-substituted ct-chloro imine
can be performed using any suitable method. In some
embodiments, the N-substituted a-chloro imine can be dis-
tilled at ambient pressure. In other embodiments, the N-sub-
stituted a-chloro imine can be distilled under reduced pres-
sure.

The N-substituted a-chloro imine then can be contacted
with a second amine. In an embodiment, the second amine
can have the Structure A5. R* within amine

R3>—NH, Structure A5

Structure AS is independently described as a feature of the
NZ2-phosphinyl amidine compounds Structures NP1-NP10,
NP11,NP13,NP15, NP16, NP18, and/or NP20. Since amine
Structure A5 is utilized to prepare embodiments of N*-phos-
phinyl amidine compounds having Structures NP1-NP10,
NP11, NP13, NP15, NP16, NP18, and/or NP20 the R?
description for the N-phosphinyl amidine compounds can be
utilized without limitation to further describe the amine
Structure AS. In an embodiment, the second amine can be the
same as the first amine. In another embodiment, the second
amine is different from the first amine. Amines having Struc-
ture AS are described herein and can be utilized without
limitation to further describe the method of preparing the
amidine compound having only one N hydrogen atom.

Generally, the second amine and N-substituted a-chloro
imine can be contacted in a second amine to N-substituted
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a-chloro imine equivalent ratio of at least 0.9:1. In some
embodiments, the second amine and N-substituted a-chloro
imine can be contacted in a second amine to N-substituted
a-chloro imine equivalent ratio of at least 0.95:1; alterna-
tively, of at least 0.975:1; or alternatively, of at least 0.99:1. In
some embodiments, the second amine and N-substituted
a-chloro imine can be contacted in a second amine to N-sub-
stituted a.-chloro imine equivalent ratio ranging from 0.9:1 to
1.25:1; alternatively, ranging from 0.95:1 to 1.20:1; alterna-
tively, ranging from 0.975:1 to 1.15:1; or alternatively, rang-
ing from 0.99:1 to 1.10:1. In other embodiments, the second
amine and N-substituted o.-chloro imine can be contacted in
a second amine to N-substituted c.-chloro imine equivalent
ratio of about 1:1.

In an embodiment, the conditions capable of forming the
amidine compound having only one N* hydrogen atom can
include a temperature of at least 0° C.; alternatively, of at least
5° C.; alternatively, of at least 10° C.; or alternatively, of at
least 15° C. In some embodiments, the reaction conditions
capable of forming the amidine compound having only one
N2 hydrogen atom includes a temperature ranging from 0° C.
to 160° C.; alternatively, ranging from 5° C. to 150° C,;
alternatively, ranging from 10° C. to 140° C.; or alternatively,
ranging from 15° C. to 130° C.

In some embodiments, the conditions capable of forming
the amidine compound having only one N* hydrogen atom
can include a second amine and N-substituted a.-chloro imine
contact temperature and a second temperature to form the
amidine compound having only one N? hydrogen atom. It
should be noted the when the conditions capable of forming
the amidine compound having only one N* hydrogen atom is
described as occurring at two temperatures (one for the con-
tact of the second amine and N-substituted a-chloro imine
and one for the formation of the amidine compound having
only one N* hydrogen atom) that this description does not
exclude the prospect that the amidine compound having only
one N? hydrogen atom may be formed at the contact tempera-
ture. The description just relates that, in some embodiments,
the amidine compound having only one N? hydrogen atom
formation may precede better when the initial contact
between the second amine and N-substituted a-chloro imine
is performed at one temperature and the formation of the
amidine compound having only one N* hydrogen atom is
completed at a second different temperature.

In an embodiment, the second amine and N-substituted
a-chloro imine can be contacted at a temperature ranging
from 0° C. to 60° C.; alternatively, ranging from 5° C. to 50°
C.; alternatively, ranging from 10° C. to 45° C.; or alterna-
tively, ranging from 15° C. to 40° C. In an embodiment,
amidine compound having only one N* hydrogen atom can be
formed at a temperature ranging from 40° C. to 160° C.;
alternatively, ranging from 50° C. to 150° C.; alternatively,
ranging from 55° C. to 140° C.; or alternatively, ranging from
60° C. to 130° C. In an embodiment, the conditions capable of
forming the amidine compound having only one N hydrogen
atom can include a reaction time of at 15 minutes; alterna-
tively, of at least 30 minutes; alternatively, of at least 45
minutes; or alternatively, of at least 1 hour. In some embodi-
ments, the conditions capable of forming the amidine com-
pound having only one N* hydrogen atom can include a
reaction time ranging from 15 minutes to 36 hours; alterna-
tively, ranging from 30 minutes to 30 hours; alternatively,
ranging from 45 minutes to 24 hours; or alternatively, ranging
from 1 hour to 18 hours.

In an embodiment, the second amine and N-substituted
a-chloro imine can be contacted in an aprotic solvent. In
some embodiments, the second amine and N-substituted
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a-chloro imine can be contacted in a polar aprotic solvent.
Aprotic solvents which can be utilized include hydrocarbon,
halogenated hydrocarbon, ethers, and any combination
thereof; alternatively, hydrocarbons, halogenated hydrocar-
bons, and any combination thereof; alternatively, hydrocar-
bons; alternatively, halogenated hydrocarbons; or alterna-
tively, ethers. Solvents are generally disclosed herein and any
general or specific aprotic solvent and/or polar aprotic solvent
described herein can be utilized to further describe the
method of preparing the amidine compound having only one
N? hydrogen atom.

In an embodiment, the formed amidine compound having
only one N? hydrogen atom can be a hydrogen chloride salt of
the amidine compound having only one N* hydrogen atom.
When the formed amidine compound having only one N>
hydrogen atom is a hydrogen chloride salt of the amidine
compound having only one N2 hydrogen atom, the method of
preparing the amidine compound having only one N* hydro-
gen atom further comprises a step of neutralizing the hydro-
gen chloride salt to release a non-ionic amidine compound
having only one N? hydrogen atom (e.g. an amidine com-
pound having Structures AM1-AMS, AM11, AM13, and/or
AM 15 wherein R? is a non-hydrogen group). In an embodi-
ment, the hydrogen chloride salt of the amidine compound
having only one N? hydrogen atom is neutralized by contact-
ing the hydrogen chloride salt of the amidine compound
having only one N* hydrogen atom with an aqueous solution
of a Group 1 or Group 2 metal hydroxide: alternatively, a
Group 1 metal hydroxide; alternatively, a group 2 metal
hydroxide. In an embodiment, the Group 1 metal hydroxide
of'the aqueous solution of a Group 1 metal hydroxide can be
lithium hydroxide, sodium hydroxide, potassium hydroxide,
rubidium hydroxide, or any combination thereof; alterna-
tively, sodium hydroxide, potassium hydroxide, or any com-
bination thereof; alternatively, lithium hydroxide; alterna-
tively, sodium hydroxide; or alternatively, potassium
hydroxide.

Inan embodiment, the Group 1 or Group 2 metal hydroxide
can be added before the hydrogen chloride salt of the amidine
compound having only one N* hydrogen atom is separated
from the solvent utilized to produce the hydrogen chloride
salt of the amidine compound having only one N* hydrogen
atom. In this scenario, the aqueous Group 1 or Group 2 metal
hydroxide can be mixed with the solution comprising the
hydrogen chloride salt of the amidine compound having only
one N? hydrogen atom and solvent. The aqueous layer and
organic layer (comprising the non-ionic amidine compound
having only one N* hydrogen atom and solvent) can then be
separated. In some embodiments, an additional solvent is
contacted with the mixture to facilitate the separation of the
non-ionic amidine compound having only one N* hydrogen
atom from the aqueous layer. Solvents are generally disclosed
herein and any general or specific aprotic solvent and/or polar
aprotic solvent described herein can be utilized to further
describe neutralizing the hydrogen chloride salt of the ami-
dine compound having only one N? hydrogen atom.

Generally, the evaporation of the solvent can be performed
using any suitable method. In some embodiments, the solvent
can be evaporated at ambient temperature (15-35° C.—no
applied external heat source). In other embodiments, the sol-
vent can be evaporated with gentle heating (e.g. at a tempera-
ture ranging from 25° C. to 50° C.). In further embodiments,
the solvent can be evaporated at ambient temperature under
reduced pressure. In yet other embodiments, the solvent can
be evaporated with gentle heating under reduced pressure.

In an embodiment, the non-ionic amidine compound hav-
ing only one N® hydrogen atom can be utilized without further
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purification. In some embodiments, the non-ionic amidine
compound having only one N? hydrogen atom can be puri-
fied. In an embodiment, the method can include a purification
step of dissolving the non-ionic amidine compound having
only one N* hydrogen atom in a solvent and filtering the
solution to remove particulate materials and/or byproducts of
the reaction. Solvents are generally disclosed herein and can
be utilized without limitation as the solvent for washing the
non-ionic amidine compound having only one N* hydrogen
atom. In some embodiments, the method can include a step of
puritying the non-ionic amidine compound having only one
N? hydrogen atom by washing non-ionic amidine compound
having only one N* hydrogen atom with a solvent. In other
embodiments, the method can include a step of purifying the
non-ionic amidine compound having only one N* hydrogen
atom by recrystallization.

In an aspect, the steps for preparing the intermediate com-
pounds in the preparation of the N2-phosphinyl amidine com-
pound (the steps of preparing amidine compounds—e.g. ami-
dine compounds having Structures AM1-AM11, AM13, AM
15, AM 16, AM18, and AM20-from nitriles, amines, com-
pounds capable of abstracting protons, halogenated com-
pounds, acid chlorides, and/or phosphorus pentachloride) can
be included in the process for producing the N*-phosphinyl
amidine compounds of this disclosure. These intermediate
steps are disclosed herein and may be combined in an appro-
priate fashion to describe a method of preparing the N*-phos-
phinyl amidine compound. When the steps are combined,
appropriate step identifiers (e.g. 1), 2), etc. . . ., a), b),
etc....,ori),ii), etc. ... ) and compound/solvent identifiers
(e.g. first, second, etc. ... ) can be added to indicate individual
and/or different steps/compounds/solvents utilized within the
preparation of the amidine compound without detracting
from the general disclosure.

Generally, the methods for forming the amide, the N-sub-
stituted a-chloro imine, the amidine compound, the metal
amidinate, and the N*-phosphinyl amidine compound can
combined in various embodiments to provide a method to
form an N?-phosphinyl amidine compound having only one
N? hydrogen atom utilizing amines, acid halides, compounds
capable of abstracting a proton from the —NH, group, and
phosphine halides. In a non-limiting embodiment, a method
of preparing an N*-phosphinyl amidine compound can com-
prise: a) contacting a first amine and an acid halide; b) form-
ing an amide ¢) contacting the amide with phosphorus pen-
tachloride; d) forming an N-substituted a.-chloro imine; ¢)
contacting the N-substituted a-chloro imine with a second
amine; f) forming an amidine compound having only one N>
hydrogen atom; g) isolating the amidine compound having
only one N? hydrogen atom; h) contacting the amidine com-
pound having only one N* hydrogen atom with a compound
capable of abstracting a proton from the amidine compound
having only one N hydrogen atom; 1) forming a metal amidi-
nate; j) contacting the metal amidinate and a phosphine
halide; and k) forming the N*-phosphinyl amidine com-
pound. These methods can contain steps other than those
recited in the methods of preparing the amide described
herein, methods of preparing the N-substituted a-chloro
imine described herein, methods of preparing amidine com-
pounds described herein, methods of preparing the metal
amidinate described herein, and methods of preparing
N2-phosphinyl amidine compounds described herein which
can be utilized to further describe these methods. Additional
features of each of these steps (e.g. reagent ratios, formation
conditions, among other considerations) are described herein
and may be utilized to further describe the methods.
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In an aspect, this disclosure relates to a method of prepar-
ing an N*-phosphinyl amidine metal salt complex. Generally,
the method of preparing the N-phosphinyl amidine metal
salt complex can comprise: a) contacting a metal salt with an
N2-phosphinyl amidine compound; and b) forming the
NZ2-phosphinyl amidine metal salt complex. Generally, the
N2-phosphinyl amidine metal salt complex can be formed
under conditions capable of forming an N*-phosphinyl ami-
dine metal salt complex. In some embodiments, the N*-phos-
phinyl amidine metal salt complex can be isolated; alterna-
tively, purified; or alternatively, isolated and purified.

N2-phosphinyl amidine compounds are disclosed herein
and can be utilized without limitation to further describe the
method of preparing an N>-phosphinyl amidine metal salt
complex. Metal salts are disclosed herein and can be utilized
without limitation to further describe the method of preparing
an N*-phosphinyl amidine metal salt complex.

Generally, the metal salt and the N*-phosphinyl amidine
compound can be contacted at a metal salt to N-phosphinyl
amidine compound equivalent ratio of at least 0.9:1. In some
embodiments, the metal salt and the N*-phosphinyl amidine
compound can be contacted at a metal salt to N-phosphinyl
amidine compound equivalent ratio of at least 0.95:1; alter-
natively, of at least 0.975:1; or alternatively, of at least 0.99:1.
In some embodiments, the metal salt and the N*-phosphinyl
amidine compound can be contacted at a metal salt to
NZ2-phosphinyl amidine compound equivalent ratio ranging
from 0.9:1 to 1.25:1; alternatively, ranging from 0.95:1 to
1.20:1; alternatively, ranging from 0.975:1 to 1.15:1; or alter-
natively, ranging from 0.99:1 to 1.10:1. In other embodi-
ments, the metal salt and the N*-phosphinyl amidine com-
pound can be contacted at a metal salt to N>-phosphinyl
amidine compound equivalent ratio of about 1:1.

In an embodiment, the conditions capable of forming an
N2-phosphinyl amidine metal salt complex can include a
contact temperature of at least 0° C.; alternatively, of at least
5° C.; alternatively, of at least 10° C.; or alternatively, of at
least 15° C. In some embodiments, the conditions capable of
forming the N2-phosphinyl amidine metal salt complex can
include a contact temperature ranging from 0° C. to 60° C.;
alternatively, ranging from 5° C. to 50° C.; alternatively,
ranging from 10° C. to 45° C.; or alternatively, ranging from
15° C.1040° C. In an embodiment, the conditions capable of
forming the N2-phosphinyl amidine metal salt complex can
include a contact time of at least 15 minutes; alternatively, of
at least 30 minutes; alternatively, of at least 45 minutes; or
alternatively, of at least 1 hour. In some embodiments, the
conditions capable of forming the N>-phosphinyl amidine
metal salt complex can include a contact time ranging from 15
minutes to 36 hours; alternatively, ranging from 30 minutes to
30 hours; alternatively, ranging from 45 minutes to 24 hours;
or alternatively, ranging from 1 hour to 18 hours.

In an embodiment, the metal salt and the N*-phosphinyl
amidine compound can be contacted in a solvent. In some
embodiments, the metal salt and the N*-phosphinyl amidine
compound can be contacted in a polar solvent. In some
embodiments, the solvent is the same as the neutral ligand, Q,
within some embodiments of the N*-phosphinyl amidine
metal salt complex. Solvents (general and specific) are gen-
erally disclosed herein and can be utilized, without limitation,
to further describe the method of preparing the N*-phosphi-
nyl amidine metal salt complex.

In an embodiment, the N*-phosphinyl amidine metal salt
complex can be utilized without further isolation or purifica-
tion. In some embodiments, the N*-phosphinyl amidine metal
salt complex can be isolated; alternatively, purified; or alter-
natively, isolated and purified. In an embodiment, wherein the
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NZ2-phosphinyl amidine metal salt complex is prepared in a
solvent, the method to prepare the N*-phosphinyl amidine
metal salt complex can include a step of isolating the
NZ2-phosphinyl amidine metal salt complex by evaporating
the solvent. In an embodiment wherein the N-phosphinyl
amidine metal salt complex is prepared in a solvent, the
method to prepare the N2-phosphinyl amidine metal salt com-
plex can include the step of isolating the N*-phosphinyl ami-
dine metal salt complex by filtering the solution to remove
particulate materials and/or byproducts of the reaction and
evaporating the solvent. In embodiments, the method to pre-
pare the N2-phosphinyl amidine metal salt complex can
include a purification step wherein the N>-phosphinyl ami-
dine compound is purified by dissolving the N*-phosphinyl
amidine metal salt complex in a solvent and filtering the
solution to remove particulate materials and/or byproducts of
the reaction. The solvent utilized to purify the N*-phosphinyl
amidine metal salt complex can be the same a solvent utilized
to form the N2-phosphinyl amidine metal salt complex or it
can be different than the solvent utilized to form the N>-phos-
phinyl amidine metal salt complex. In some embodiments,
the method of preparing the N-phosphinyl amidine metal
salt complex can include a purification step of isolating the
NZ2-phosphinyl amidine metal salt complex by washing the
N2-phosphinyl amidine metal salt complex with a solvent. In
other embodiments, the method of preparing the N-phosphi-
nyl amidine metal salt complex can include a purification step
of recrystallizing the N*-phosphinyl amidine metal salt com-
plex.

Generally, the evaporation of the solvent can be performed
using any suitable method. In some embodiments, the solvent
can be evaporated at ambient temperature (15-35° C.—no
applied external heat source). In other embodiments, the sol-
vent can be evaporated with gentle heating (e.g. at a tempera-
ture ranging from 25° C. to 50° C.). In further embodiments,
the solvent can be evaporated at ambient temperature under
reduced pressure. In yet other embodiments, the solvent can
be evaporated with gentle heating under reduced pressure.

It has been unexpectedly discovered that the time between
the isolation and/or purification of the N*-phosphinyl ami-
dine metal salt complex and the formation of the oligomer-
ization catalyst system can have an impact on aspects of the
oligomerization. Firstly, it has been observed that increasing
the time between the isolation and/or purification of the
N2-phosphinyl amidine metal salt complex and the formation
of the oligomerization catalyst system can increase the cata-
Iytic activity and/or increase the productivity of the catalyst
system. Secondly, it has been observed that increasing the
time between the isolation and/or purification of the N*-phos-
phinyl amidine metal salt complex and the formation of the
oligomerization catalyst system can increase the percentage
of polymer produced by the oligomerization catalyst system.
Without being limited by theory, it is believed that these
effects result from the disassociation of (or alternatively,
evaporation of) neutral ligand, Q, from the N>-phosphinyl
amidine metal salt complex and/or from the crystal lattice of
the N?-phosphinyl amidine metal salt complex.

Controlling the time between the isolation and/or purifica-
tion of the N*>-phosphinyl amidine metal salt complex and the
formation of the oligomerization catalyst system can improve
the olefin oligomerization process. For instance, one can
increase the activity and/or productivity of the catalyst system
by increasing the time between the isolation and/or purifica-
tion of the N*-phosphinyl amidine metal salt complex and
formation of the oligomerization catalyst system. Increasing
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the activity and/or the productivity of the catalyst system can
provide increased olefin oligomer product per unit of catalyst
system.

However, it may not be possible to increase the time
between the isolation and/or purification of the N*-phosphi-
nyl amidine metal salt complex and formation of the oligo-
merization catalyst system indiscriminately. As noted herein,
increasing the time between the isolation and/or purification
of the N*-phosphinyl amidine metal salt complex and the
formation of the oligomerization catalyst system can increase
the percentage of polymer produced by the oligomerization
catalyst system. If the polymer production of the catalyst
system utilizing the N*-phosphinyl amidine metal salt com-
plex increases too much, polymer production can adversely
impact the oligomerization process. For example, polymer
could adhere to the oligomerization reactor walls or cooling
apparatus and cause fouling which can necessitate a reactor
shut down to remove the polymer. Consequently, there can be
a need to balance increases in catalyst system activity and/or
productivity against increased polymer production.

It has also been discovered that at least some of the effects
of increasing the time between the isolation and/or purifica-
tion of the N*-phosphinyl amidine metal salt complex and the
formation of the oligomerization catalyst system can be
reversed by adding a neutral ligand to the N*-phosphinyl
amidine metal salt complex. The ability to reverse some of the
effects of increasing the time between the isolation and/or
purification of the N*-phosphinyl amidine metal salt complex
and the formation of the oligomerization catalyst system can
reduce potentially negative effects. Non-limiting examples of
negative effects of increasing the time between the isolation
and/or purification of the N*-phosphinyl amidine metal salt
complex and the formation of the oligomerization catalyst
system can include 1) prohibiting the ability to use an
N2-phosphinyl amidine metal salt complex by increasing the
time between the isolation and/or purification of the N*-phos-
phinyl amidine metal salt complex and the formation of the
oligomerization catalyst system to a point wherein the formed
catalyst system produces an undesirable quantity of polymer
and 2) reducing the need to minimize the time between pre-
paring the N2-phosphinyl amidine metal salt complex and the
preparation of the catalyst system utilizing the N*-phosphinyl
amidine metal salt complex.

However, it has also been discovered that too much neutral
ligand associated with the N*-phosphinyl amidine metal salt
complex can significantly reduce or eliminate the catalyst
system olefin oligomer productivity. Consequently, it can be
necessary to take precautions to control the amount of neutral
ligand provided to the N*-phosphinyl amidine metal salt com-
plex. Generally, addition of the neutral ligand to the N*-phos-
phinyl amidine metal salt complex can be accomplished by
any suitable method. For example, the N*-phosphiny] ami-
dine metal salt complex can be recrystallized from a solution
containing a neutral ligand or the N*-phosphinyl amidine
metal salt complex can be placed in a solvent containing a
neutral ligand. Excess neutral ligand can be removed from the
NZ2-phosphinyl amidine metal salt complex by allowing the
solvent to evaporate or by increasing the time between the
treatment of the N?-phosphinyl amidine metal salt complex
with the neutral ligand and the formation of the oligomeriza-
tion catalyst system.

In an embodiment the isolated and/or purified N-phosphi-
nyl amidine metal salt complex can be utilized in an olefin
oligomerization process. In an embodiment, the olefin oligo-
merization process can comprise: a) forming a composition
comprising an N*-phosphinyl amidine metal salt complex; b)
forming a mixture comprising an olefin and a metal alkyl; ¢)
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contacting the composition of step a) and the mixture of step
b); and d) forming an olefin oligomer product. In an embodi-
ment, the olefin oligomerization process can comprise: a)
forming a composition comprising an N*-phosphinyl ami-
dine metal salt complex; b) forming a mixture comprising an
olefin, a metal alkyl, and hydrogen; ¢) contacting the compo-
sition of step a) and the mixture of step b); and d) forming an
olefin oligomer product. In some embodiments, the mixture
comprising the olefin and the metal alkyl can also comprise
hydrogen. In some embodiments the composition comprising
the N2-phosphinyl amidine metal salt complex also can com-
prise a solvent (e.g., a first solvent). In some embodiments,
the mixture comprising an olefin, a metal alkyl, and option-
ally hydrogen, also can comprise a solvent (e.g., a second
solvent). In an embodiment, the solvents used in the compo-
sition comprising the N*-phosphinyl amidine metal salt com-
plex and the mixture comprising the olefin and the metal alkyl
(and optionally hydrogen) can be the same; or can be differ-
ent. The N*-phosphinyl amidine metal salt complex, metal
alkyl, olefin, solvents, and features of the olefin oligomer are
independently described herein and can be utilized, without
limitation to further describe the olefin oligomerization pro-
cess. In some embodiments, the metal alkyl can comprise an
aluminoxane. Ratios for the metal of the N>-phosphinyl ami-
dine metal salt complex to the metal of the metal alkyl are
provided herein and can be utilized without limitation to
further describe the olefin oligomerization process.

In an aspect, any method of producing a catalyst system
disclosed herein or any method of oligomerizing or polymer-
izing an olefin can further comprise a step of aging the
N2-phosphinyl amidine metal salt complex. In another
aspect, any method of producing a catalyst system disclosed
herein or any method of oligomerizing or polymerizing an
olefin can further comprise a step of treating the N*-phosphi-
nyl amidine metal salt complex with a neutral ligand; or
alternatively, 1) treating the N*-phosphinyl amidine metal
salt complex with a neutral ligand and 2) allowing the treated
NZ2-phosphinyl amidine metal salt complex to age. In another
aspect, any method of producing a catalyst system disclosed
herein or any method of oligomerizing or polymerizing an
olefin can further comprise a step of treating an aged N>-phos-
phinyl amidine metal salt complex with a neutral ligand; or
alternatively, 1) treating the N*-phosphinyl amidine metal
salt complex with a neutral ligand and 2) allowing the treated
NZ2-phosphinyl amidine metal salt complex to age.

In an aspect, the activity of any olefin oligomerization
method described herein (using any catalyst system described
herein comprising any N2-phosphinyl amidine metal salt
complex described herein) can be controlled by aging the
NZ2-phosphinyl amidine metal salt complex. In an aspect, the
activity of any olefin oligomerization method described
herein (using any catalyst system as described herein com-
prising any NZ-phosphinyl amidine metal salt complex
described herein) can be controlled by treating the N*-phos-
phinyl amidine metal salt complex with a neutral ligand; or
alternatively, 1) treating the N*-phosphinyl amidine metal
salt complex with a neutral ligand and 2) allowing the treated
N2-phosphinyl amidine metal salt complex to age. In an
aspect, the activity of any olefin oligomerization method
described herein (using any catalyst system described herein
comprising any N2-phosphinyl amidine metal salt complex
described herein) can be controlled by treating an aged
N2-phosphinyl amidine metal salt complex with a neutral
ligand; or alternatively, 1) treating the N*-phosphinyl amidine
metal salt complex with a neutral ligand and 2) allowing the
treated N>-phosphinyl amidine metal salt complex to age.
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The catalytic activity of any catalyst system described
herein comprising any N2-phosphinyl amidine metal salt
complex described herein in an olefin oligomerization pro-
cess can be defined as the grams of olefin oligomer product
(or liquid olefin oligomer product, or any other defined por-
tion of the olefin oligomerization product) produced per gram
of metal of the metal salt in the N*-phosphinyl amidine metal
salt complex utilized. In an embodiment, the catalyst system
activity of any catalyst system described herein comprising
any N2-phosphinyl amidine metal salt complex described
herein can be increased by utilizing an aged N>-phosphinyl
amidine metal salt complex. This activity increase can be
described as a percentage increase in the catalyst system
activity and can be related to the activity of the catalyst system
prepared using a fresh N>-phosphinyl amidine metal salt
complex, a,. Generally, a fresh N*-phosphinyl amidine metal
salt complex is one which has been utilized to prepare an
oligomerization catalyst system within 14 days ofits isolation
and/or purification. It should be noted, a fresh N-phosphinyl
amidine metal salt complex does not contain excess neutral
ligand which can give an inactive olefin oligomerization cata-
lyst system (i.e. a catalyst system that produces less than 550
grams oligomer per gram metal of metal salt in the N>-phos-
phinyl amidine metal salt complex). The activity of the cata-
lyst system based upon an aged N2-phosphinyl amidine metal
salt complex can be denoted a,.

In an embodiment, the N2-phosphinyl amidine metal salt
complex can be aged for up to 24 months; alternatively, up to
18 months; alternatively, up to 15 months; alternatively, up to
12 months; alternatively, up to 11 months; alternatively, up to
10 months; alternatively, up to 9 months; alternatively, up to
8 months; alternatively, up to 7 months; or alternatively, up to
6 months. In an embodiment, aging the N*-phosphinyl ami-
dine metal salt complex (for any time period described
herein) can increase the activity of any catalyst system
described herein utilizing any N*-phosphinyl amidine metal
salt complex described herein at least 10%; alternatively, by
atleast 20%; alternatively, by at least 30%; alternatively, by at
least 40%; or alternatively, at least 50%. In some embodi-
ments, aging the N*-phosphinyl amidine metal salt complex
(for any time period described herein) can increase the activ-
ity of any catalyst system described herein utilizing any
NZ2-phosphinyl amidine metal salt complex described herein
from 10 to 1500%; alternatively, from 20% to 1000%; alter-
natively, from 30 to 750%:; alternatively, from 40 to 600%; or
alternatively, from 50 to 500%.

In an embodiment, aging the N*>-phosphinyl amidine metal
salt complex (for any time period described herein) for any
catalyst system described herein utilizing any N2-phosphinyl
amidine metal salt complex described herein can provide a
catalyst system which can produce any defined percentage of
polymer described herein. In an embodiment, aging the
NZ2-phosphinyl amidine metal salt complex (for any time
period described herein) for any catalyst system described
herein utilizing any N2-phosphinyl amidine metal salt com-
plex described herein can provide a catalyst system can pro-
vide a catalyst system which can produce less than 5 weight
percent polymer; alternatively, equal to or less than 2 weight
% polymer; alternatively, equal to or less than 1.5 alterna-
tively, equal to or less than 1 weight % polymer; alternatively,
equal to or less than 0.75 alternatively, equal to or less than 2
weight % polymer; alternatively, equal to or less than 0.5
weight % polymer; alternatively, equal to or less than 0.4
weight % polymer; alternatively, equal to or less than 0.3
weight % polymer; alternatively, equal to or less than 0.2
weight % polymer; or, alternatively, equal to or less than 0.1
weight % polymer. Generally, the basis for weight percent
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polymer is based upon all products of the olefin oligomeriza-
tion (excluding unreacted monomer, catalyst system compo-
nents, solvent, and other non-olefin oligomerization prod-
ucts).

In some embodiments, any catalyst system described
herein utilizing an aged N*-phosphinyl amidine metal salt
complex can have a combination of any increased activity
described herein and any amount of polymer described
herein. The catalyst system described herein utilizing an aged
NZ2-phosphinyl amidine metal salt complex can further be
described utilizing, individually or in any combination, any
other catalyst system feature or olefin oligomerization prod-
uct feature described herein.

In an embodiment, a calibration curve can be produced
depicting catalytic activity and or polymer product of any
catalyst system described herein comprising any N*-phosphi-
nyl amidine metal salt complex described herein in response
to aging the phosphinyl amidine metal salt complex. In some
embodiments, a calibration curve (for catalyst activity and/or
polymer production) can be depicted as a function of the
period of N*-phosphinyl amidine metal salt complex age in
order to derive a predictive equation. The calibration curve or
predictive equation relating catalyst system activity and/or
polymer production in response to N*-phosphinyl amidine
metal salt complex age can be utilized to adjust one or more
user and/or process parameters based upon the interpolation
or extrapolation the calibration curve and/or the predictive
equation. Itis contemplated that in some aspects, the extent to
which a, increases with respect to a, can fall outside the
instantly disclosed ranges and can be larger than would be
expected based on the presently disclosed values depending
on the conditions under which the N2-phosphinyl amidine
metal salt complex is aged. For example, the N*-phosphinyl
amidine metal salt complex can be subjected to aging for time
periods that are 5 to 10 times longer than those presently
recited or under conditions of elevated temperature and/or
reduced pressure. The effects of aging the N*-phosphinyl
amidine metal salt complex under such conditions can be
subject to the herein mentioned analysis to provide predictive
information that can lead one to conditions under which aging
the N*-phosphinyl amidine metal salt complex can increase
catalyst system activity using an aged N*-phosphinyl amidine
metal salt complexes outside of the recited numerical ranges.
It is contemplated that given the benefits of this disclosure and
using routine experimentation one having ordinary skill inthe
art can modify the methodologies disclosed herein to alter the
catalytic system activity using an aged N*-phosphinyl ami-
dine metal salt complexes to a desired value or range. Such
modifications fall within the scope of this disclosure.

In an embodiment, contacting of the N*-phosphinyl ami-
dine metal salt complex (aged or otherwise) with a neutral
ligand can be carried out using any suitable molar ratio of
neutral ligand to N*-phosphinyl amidine metal salt. In an
embodiment, the molar ratio neutral ligand to N*-phosphinyl
amidine metal salt complex can be at least 0.2:1; alternatively,
at least 0.3:1; alternatively, at least 0.4:1; or alternatively, at
least 0.5:1. In an embodiment, the molar ratio neutral ligand
to N2-phosphinyl amidine metal salt complex can be from
0.2:1 to 10,000:1; alternatively, 0.3:1 to 8,000:1; alterna-
tively, from 0.4:1 to 6,000:1; or alternatively, from 0.5:1 to
5,000:1. In an embodiment, the contact of the N*-phosphinyl
amidine metal salt complex can occur in a solvent consisting
essentially of the neutral ligand; or alternatively, in a solvent
comprising, or consisting essentially of, the neutral ligand
and a non-complexing solvent.

When the N2-phosphinyl amidine metal salt complex is
contacted with a solvent consisting essentially of the neutral
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ligand, the molar ratio of neutral ligand to N>-phosphinyl
amidine metal salt can be any molar ratio of neutral ligand to
N2-phosphinyl amidine metal salt disclosed herein. In other
embodiments wherein the N*-phosphinyl amidine metal salt
complex is contacted with a solvent consisting essentially of
the neutral ligand, the molar ratio of neutral ligand to
NZ2-phosphinyl amidine metal salt can be any molar ratio of
neutral ligand to N?-phosphinyl amidine metal salt can be at
least 5:1; alternatively, at least 7.5:1; alternatively, at least
10:1; alternatively, at least 10:1; alternatively, at least 15:1;
alternatively, 5:1; alternatively, range from 7.5:1 to 10,000:1;
alternatively, range from 10:1 to 8,000:1; alternatively, range
from 10:1 to 6,000:1; or alternatively, range from 15:1 to
5,000:1.

When the N-phosphinyl amidine metal salt complex is
contacted with a solvent comprising, or consisting essentially
of, the neutral ligand and a non-complexing solvent, the
molar ratio of neutral ligand to N2-phosphinyl amidine metal
salt can be any molar ratio of neutral ligand to N*-phosphinyl
amidine metal salt disclosed herein. In other embodiments
wherein the N2-phosphinyl amidine metal salt complex is
contacted with a solvent comprising, or consisting essentially
of, the neutral ligand and a non-complexing solvent, the
molar ratio of neutral ligand to N2-phosphinyl amidine metal
salt can be less than or equal to 500:1; less than or equal to
300:1; less than or equal to 200:1; alternatively, less than or
equal to 100:1; alternatively, range from 0.2:1 to 500:1; alter-
natively, range from 0.3:1 to 300:1; alternatively, range from
0.4:1 to 200:1; or alternatively, from 0.5:1 to 100:1. In some
embodiments, wherein the N*-phosphinyl amidine metal salt
complex is contacted with a solvent comprising, or consisting
essentially of, the neutral ligand and a non-complexing sol-
vent, the volumetric ratio of neutral ligand to non-complexing
solvent can range from 1:1 to 10,000:1; alternatively, range
from 5:1 to 8,000:1; alternatively, range from 7.5:1 to 6,000:
1; or alternatively, range from 10:1 to 5,000:1.

In an embodiment, the neutral ligand can be any neutral
ligand disclosed herein. In some embodiments, the neutral
ligand utilized to treat the N*-phosphinyl amidine metal salt
complex can be the same as the neutral ligand of the N*-phos-
phinyl amidine metal salt complex; or alternatively, the neu-
tral ligand utilized to treat the N*-phosphinyl amidine metal
salt complex can be different from the neutral ligand of the
N2-phosphinyl amidine metal salt complex. In an embodi-
ment, the non-complexing solvent utilized in an embodiment
comprising, or consisting essentially of, a neutral ligand and
a non-complexing solvent can be a hydrocarbon or a haloge-
nated hydrocarbon; alternatively, a hydrocarbon or a haloge-
nated hydrocarbon. Hydrocarbon and halogenated hydrocar-
bon solvents (general and specific) are disclosed herein and
can be utilized, without limitation, to further describe any
aspect and/or embodiment utilizing a solvent comprising, or
consisting essentially of, a neutral ligand and a non-complex-
ing solvent.

In an embodiment, the N*-phosphinyl amidine metal salt
complex can be aged (whether or not it has been treated with
a neutral ligand) utilizing any suitable methodology. In some
embodiments, the N*-phosphinyl amidine metal salt complex
can be aged (whether or not it has been treated with a neutral
ligand) at ambient temperature (15-35° C.—no applied exter-
nal heat source); or alternatively, at ambient temperature
under an inert atmosphere. In other embodiments, the
N2-phosphinyl amidine metal salt complex can be aged
(whether or not it has been treated with a neutral ligand) with
gentle heating (e.g., at a temperature ranging from 25° C. to
50° C.); alternatively, under reduced pressure; alternatively,
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ambient temperature under reduced pressure; or alternatively,
with gentle heating under reduced pressure.

In an embodiment, the aged N*-phosphinyl amidine metal
salt complex, the neutral ligand treated N>-phosphinyl ami-
dine metal salt complex, or the neutral ligand treated and aged
NZ2-phosphinyl amidine metal salt complex can be utilized in
a catalyst system, utilized in a process to prepare a catalyst,
and/or a method to oligomerize (or polymerize) an olefin.
Generally, the steps of aging the N*-phosphinyl amidine
metal salt complex, the steps of treating the N*-phosphinyl
amidine metal salt complex with a neutral ligand, and/or
treating the N>-phosphinyl amidine metal salt complex with a
neutral ligand and aging the neutral ligand treated the
N2-phosphinyl amidine metal salt complex can be utilized,
without limitation, to further describe the catalyst system, the
method of preparing the catalyst system, and/or the method to
oligomerize (or polymerize) an olefin.

In an aspect, the step(s) for preparing the N>-phosphinyl
amidine compound can be incorporated into the preparation
of the N*-phosphinyl amidine metal salt complex. When the
steps are combined, appropriate step identifiers (e.g. 1), 2),
etc....,a),b), etc, ori), ii), etc. . . . ) and compound/solvent
identifiers (e.g. first, second, etc. . . . ) can be added to indicate
individual and/or different steps/compounds/solvents uti-
lized within the preparation of the amidine compound with-
out detracting from the general disclosure.

In an aspect, the present disclosure relates to an olefin
oligomerization process; or alternatively, an olefin polymer-
ization process. Within this disclosure, olefin oligomerization
relates to processes which produce products of which at least
80 weight percent contain from 1 to 20 monomer units.
Within this disclosure, olefin polymerization relates to pro-
cess(es) which produces products of which at least 80 weight
percent contain greater than 20 monomer units.

In an embodiment, the olefin oligomerization process can
comprise: a) contacting an olefin and a catalyst system; and b)
forming an olefin oligomer product. In some embodiments,
the olefin oligomerization process can comprise, a) contact-
ing an olefin, hydrogen, and a catalyst system; and b) forming
an olefin oligomer product. In an embodiment, the olefin
polymerization process can comprise: a) contacting an olefin
and a catalyst system; and b) forming an olefin polymer
product. In some embodiments, the olefin polymerization
process can comprise a) contacting an olefin, hydrogen, and a
catalyst system and b) forming an olefin polymer product.
The catalyst system, olefin, and features of the olefin oligo-
mer or olefin polymer product are independently described
herein and can be utilized, without limitation to further
describe the olefin oligomerization or olefin polymerization
process. In an embodiment, the catalyst system can be pre-
pared in a first solvent. In an embodiment, the olefin, catalyst
system, and optionally hydrogen, can be contacted in a sec-
ond solvent. Generally, a solvent in which the catalyst system
can be prepared and the solvent in which the olefin and
catalyst system can be contacted can be the same; or alterna-
tively, can be different.

In an embodiment, the olefin oligomerization process can
comprise: a) forming a catalyst system mixture comprising an
N2-phosphinyl amidine metal salt complex and a metal alkyl;
b) contacting the catalyst system mixture with an olefin; and
¢) forming an olefin oligomer product. In an embodiment, the
olefin polymerization process can comprise: a) forming a
catalyst system mixture comprising an N*-phosphiny] ami-
dine metal salt complex and a metal alkyl; b) contacting the
catalyst system mixture with an olefin; and ¢) forming an
olefin oligomer product. In some embodiments, the step of
contacting the catalyst system mixture with the olefin can be
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a step of contacting the catalyst system mixture with an olefin
and hydrogen. In some embodiments, the catalyst system
mixture can further comprise a solvent (e.g. a first solvent). In
some embodiments, the catalyst system mixture and olefin
can be contacted in a solvent (e.g. a second solvent when the
catalyst system is prepared in a solvent). In an embodiment,
the olefin oligomerization process can comprise: a) forming a
catalyst system mixture comprising, or consisting essentially
of, an N*-phosphinyl amidine metal salt complex, a metal
alkyl, and a first solvent; b) contacting the catalyst system
mixture with an olefin and a second solvent; and ¢) forming an
olefin oligomer product. In an embodiment, the olefin poly-
merization process can comprise: a) forming a catalyst sys-
tem mixture comprising, or consisting essentially of, an
NZ2-phosphinyl amidine metal salt complex, a metal alkyl, and
a first solvent; b) contacting the catalyst system mixture with
an olefin and a second solvent; and ¢) forming an olefin
oligomer product. In some embodiments, the step of contact-
ing the catalyst system mixture with the olefin and the second
solvent can be a step of contacting the catalyst system mixture
with an olefin, a second solvent, and hydrogen. The N>-phos-
phinyl amidine metal salt complex, metal alkyl, olefin, sol-
vents, and features of the olefin oligomer or olefin polymer
product are independently described herein (among other
catalyst system and olefin oligomerization or polymerization
features) and can be utilized, without limitation to further
describe the olefin oligomerization or olefin polymerization
process. In some embodiments, the first and second solvent
can be the same; or alternatively, the first and second solvent
can be different. In some embodiments, the metal alkyl can
comprise, or consist essentially of, an aluminoxane. Ratios
for the metal of the N*-phosphinyl amidine metal salt com-
plex to the metal of the metal alkyl are independently pro-
vided herein (among other catalyst system and olefin oligo-
merization or polymerization features) and can be utilized
without limitation to further describe the olefin oligomeriza-
tion or olefin polymerization process.

In an embodiment, the olefin oligomerization process can
comprise: a) forming a composition comprising an N*-phos-
phinyl amidine metal salt complex; b) forming a mixture
comprising an olefin and a metal alkyl; ¢) contacting the
composition of step a) and the mixture of step b); and d)
forming an olefin oligomer product. In an embodiment, the
olefin polymerization process can comprise: a) forming a
composition comprising a the N*-phosphinyl amidine metal
salt complex; b) forming a mixture comprising an olefin and
a metal alkyl; ¢) contacting the composition of step a) and the
mixture of step b); and d) forming an olefin polymer product.
In some embodiments, the mixture comprising the olefin and
the metal alkyl can further comprise hydrogen. In some
embodiments the composition comprising the N*-phosphinyl
amidine metal salt complex can further comprise a solvent
(e.g. a first solvent). In some embodiments, the mixture com-
prising an olefin, a metal alkyl, and optionally hydrogen, can
further comprise a solvent (e.g. a second solvent). In an
embodiment, the olefin oligomerization process can com-
prise: a) forming a composition comprising, or consisting
essentially of, an N-phosphinyl amidine metal salt complex
and a first solvent; b) forming a mixture comprising an olefin,
a metal alkyl, hydrogen, and a second solvent; ¢) contacting
the composition of step a) and the mixture of step b); and d)
forming an olefin oligomer product. In an embodiment, the
olefin polymerization process can comprise: a) forming a
composition comprising, or consisting essentially of, a the
NZ2-phosphinyl amidine metal salt complex and a first solvent;
b) forming a mixture comprising an olefin, a metal alkyl,
hydrogen, and a second solvent; ¢) contacting the composi-
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tion of step a) and the mixture of step b); and d) forming an
olefin polymer product. In an embodiment, the solvents used
in the composition comprising the N2-phosphinyl amidine
metal salt complex and the mixture comprising the olefin and
the metal alkyl (and optionally hydrogen) can be the same; or
alternatively, can be different. The N2-phosphinyl amidine
metal salt complex, metal alkyl, olefin, solvents, and features
of'the olefin oligomer or olefin polymer product (among other
catalyst system and olefin oligomerization or polymerization
features) are independently described herein and can be uti-
lized, without limitation to further describe the olefin oligo-
merization or olefin polymerization process. In some
embodiments, the metal alkyl can comprise an aluminoxane.
Ratios for the metal of the N*-phosphinyl amidine metal salt
complex to the metal of the metal alkyl are independently
provided herein (among other catalyst system and olefin oli-
gomerization or polymerization features) and can be utilized
without limitation to further describe the olefin oligomeriza-
tion or olefin polymerization process.

In an embodiment, the olefin oligomerization process can
comprise: a) forming a catalyst system mixture comprising an
NZ2-phosphinyl amidine compound, a metal salt, and a metal
alkyl; b) contacting the catalyst system mixture with an ole-
fin; and ¢) forming an olefin oligomer product. In an embodi-
ment, the olefin polymerization process can comprise: a)
forming a catalyst system mixture comprising an N>-phos-
phinyl amidine compound, a metal salt, and a metal alkyl; b)
contacting the catalyst system mixture with an olefin; and ¢)
forming an olefin oligomer product. In some embodiments,
the step of contacting the catalyst system mixture with the
olefin can be a step of contacting the catalyst system mixture
with an olefin and hydrogen. In some embodiments, the cata-
lyst system mixture can further comprise a solvent (e.g. a first
solvent). In some embodiments, the catalyst system mixture
and olefin can be contacted in a solvent (e.g. a second solvent
when the catalyst system is prepared in a solvent). In an
embodiment, the olefin oligomerization process can com-
prise: a) forming a catalyst system mixture comprising, or
consisting essentially of, an N>-phosphinyl amidine com-
pound, a metal salt, a metal alkyl, and a first solvent; b)
contacting the catalyst system mixture with an olefin and a
second solvent; and ¢) forming an olefin oligomer product. In
an embodiment, the olefin polymerization process can com-
prise: a) forming a catalyst system mixture comprising, or
consisting essentially of an N?-phosphinyl amidine com-
pound, a metal salt, a metal alkyl, and a first solvent; b)
contacting the catalyst system mixture with an olefin and a
second solvent; and ¢) forming an olefin polymer product. In
some embodiments, the step of contacting the catalyst mix-
ture with the olefin and the second solvent can be a step of
contacting the catalyst system mixture with an olefin, a sec-
ond solvent, and hydrogen. In some embodiments, the first
and second solvent can be the same; or alternatively, the first
and second can be different. The N*-phosphinyl amidine
compound, metal salt, metal alkyl, olefin, solvents, and fea-
tures of the olefin oligomer or olefin polymer product are
independently described herein (among other catalyst system
and olefin oligomerization or polymerization features) and
can be utilized, without limitation to further describe the
olefin oligomerization or olefin polymerization process. In
some embodiments, the first and second solvent can be the
same; or alternatively, the first and second solvent can be
different. In some embodiments, the metal alkyl can com-
prise, or consist essentially of, an aluminoxane. The N*-phos-
phinyl amidine compound, metal salt, metal alkyl, olefin,
solvents, and features of the olefin oligomer or olefin polymer
product are independently described herein (among other
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catalyst system and olefin oligomerization or polymerization
features) and can be utilized, without limitation to further
describe the olefin oligomerization or olefin polymerization
process. Ratios for the N2-phosphinyl amidine compound to
metal salt and ratios for the metal of the metal alkyl to metal
of the metal salt are independently provided herein (among
other catalyst system and olefin oligomerization or polymer-
ization features) and can be utilized without limitation to
further describe the olefin oligomerization or olefin polymer-
ization process.

In an embodiment, the olefin oligomerization process can
comprise: a) forming a composition comprising an N>-phos-
phinyl amidine compound and a metal salt; b) forming a
mixture comprising an olefin and a metal alkyl; ¢) contacting
the composition formed in step a) and the mixture formed in
step b); and d) forming an olefin oligomer product. In an
embodiment, the olefin polymerization process can com-
prise: a) forming a mixture comprising an N>-phosphinyl
amidine compound and a metal salt; b) forming a mixture
comprising an olefin and a metal alkyl; ¢) contacting the
composition formed in step a) and the mixture formed in step
b); and d) forming an olefin polymer product. In some
embodiments, the mixture comprising an olefin and a metal
alkyl can further comprise hydrogen. In some embodiments,
the composition of step a) can further comprise a solvent (e.g.
a first solvent). In some embodiments, the mixture of step b)
can further comprise a solvent (e.g. a second solvent when the
catalyst system is prepared in a solvent). In an embodiment,
the olefin oligomerization process can comprise: a) forming a
composition comprising, or consisting essentially of, an
NZ2-phosphinyl amidine compound, a metal salt, and a first
solvent; b) forming a mixture comprising an olefin, a metal
alkyl, and a second solvent; ¢) contacting the composition
formed in step a) and the mixture formed in step b); and d)
forming an olefin oligomer product. In an embodiment, the
olefin polymerization process can comprise: a) forming a
composition comprising, or consisting essentially of, an
NZ2-phosphinyl amidine compound, a metal salt, and a first
solvent; b) forming a mixture comprising an olefin, a metal
alkyl, and a second solvent; ¢) contacting the composition
formed in step a) and the mixture formed in step b); and d)
forming an olefin polymer product. In some embodiments,
the first and second solvent can be the same; or alternatively,
the first and second solvent can be different. The N*-phosphi-
nyl amidine compound, metal salt, metal alkyl, olefin, sol-
vents, and features of the olefin oligomer or olefin polymer
product (among other catalyst system and olefin oligomeriza-
tion or polymerization features) are independently described
herein and can be utilized, without limitation to further
describe the olefin oligomerization or olefin polymerization
process. In some embodiments, the metal alkyl can comprise
an aluminoxane. Ratios for the N*-phosphinyl amidine com-
pound to metal salt and ratios for the metal of the metal alkyl
to metal of the metal salt are independently provided herein
(among other catalyst system and olefin oligomerization or
polymerization features) and can be utilized without limita-
tion to further describe the olefin oligomerization or olefin
polymerization process.

In an embodiment, a solvent utilized with the catalyst sys-
tem, a mixture comprising an N*-phosphinyl amidine metal
salt complex, a mixture comprising an N*-phosphinyl ami-
dine metal salt complex and a metal alkyl, a composition
comprising an N*-phosphinyl amidine compound and a metal
salt, or a composition comprising an N2-phosphinyl amidine
compound, a metal salt, and a metal alkyl can be a hydrocar-
bon solvent, a halogenated hydrocarbon solvent, or any com-
bination thereof; alternatively, a hydrocarbon solvent; or
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alternatively, a halogenated hydrocarbon solvent. In some
embodiments, a solvent utilized with a mixture comprising an
NZ2-phosphinyl amidine metal salt complex, a mixture com-
prising an N*-phosphinyl amidine metal salt complex and a
metal alkyl, a composition comprising an N>-phosphinyl
amidine compound and a metal salt, or a composition com-
prising an N?-phosphinyl amidine compound, a metal salt,
and a metal alkyl can be an aliphatic hydrocarbon solvent, a
halogenated aliphatic hydrocarbon solvent, an aromatic
hydrocarbon solvent, a halogenated aromatic solvent, or any
combination thereof; alternatively, an aliphatic hydrocarbon
solvent, a halogenated aliphatic hydrocarbon solvent, or any
combination thereof; alternatively, an aromatic hydrocarbon
solvent, a halogenated aromatic solvent, or any combination
thereof; alternatively, an aliphatic hydrocarbon solvent; alter-
natively, a halogenated aliphatic hydrocarbon solvent; alter-
natively, an aromatic hydrocarbon solvent; or alternatively, a
halogenated aromatic solvent. General and specific hydrocar-
bon solvents, halogenated hydrocarbon solvents, aliphatic
hydrocarbon solvents, halogenated aliphatic hydrocarbon
solvents, aromatic hydrocarbon solvents, and halogenated
aromatic solvents are described herein and can be utilized
without limitation to further describe the olefin oligomeriza-
tion or olefin polymerization process(es) described herein.

In an embodiment, a solvent utilized in any mixture includ-
ing the olefin or utilized to form the olefin product or polymer
product can be hydrocarbon solvent, a halogenated hydrocar-
bon solvent, or any combination thereof; alternatively, a
hydrocarbon solvent; or alternatively, a halogenated hydro-
carbon solvent. In some embodiments, a solvent utilized in
any mixture including the olefin or utilized to form the olefin
product or polymer product can be an aliphatic hydrocarbon
solvent, a halogenated aliphatic hydrocarbon solvent, an aro-
matic hydrocarbon solvent, a halogenated aromatic solvent,
or any combination thereof; alternatively, an aliphatic hydro-
carbon solvent, a halogenated aliphatic hydrocarbon solvent,
or any combination thereof; alternatively, an aromatic hydro-
carbon solvent, a halogenated aromatic solvent, or any com-
bination thereof; alternatively, an aliphatic hydrocarbon sol-
vent; alternatively, a halogenated aliphatic hydrocarbon
solvent; alternatively, an aromatic hydrocarbon solvent; or
alternatively, a halogenated aromatic solvent. General and
specific hydrocarbon solvents, halogenated hydrocarbon sol-
vents, aliphatic hydrocarbon solvents, halogenated aliphatic
hydrocarbon solvents, aromatic hydrocarbon solvents, and
halogenated aromatic solvents are described herein and can
be utilized without limitation to further describe the olefin
oligomerization or olefin polymerization process described
herein.

In some embodiments, the solvent utilized with the catalyst
system, a mixture comprising an N>-phosphinyl amidine
metal salt complex, a mixture comprising an N-phosphinyl
amidine metal salt complex and a metal alkyl, a composition
comprising an N*-phosphinyl amidine compound and a metal
salt, or a composition comprising an N2-phosphinyl amidine
compound, a metal salt, and a metal alkyl and the solvent
utilized in any mixture including the olefin or utilized to form
the olefin oligomer product or olefin polymer product can be
the same; or alternatively, can be different. In an embodiment,
the solvent utilized with the catalyst system, a mixture com-
prising an N2-phosphinyl amidine metal salt complex, a mix-
ture comprising an N*-phosphinyl amidine metal salt com-
plex and a metal alkyl, a composition comprising an
NZ2-phosphinyl amidine compound and a metal salt, or a com-
position comprising an N-phosphinyl amidine compound, a
metal salt, and a metal alkyl and the solvent utilized in any
mixture including the olefin or utilized to form the olefin
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product or product has a boiling point which allows for its
easy separation (e.g. by distillation) from the olefin oligomer
product or olefin polymer product.

Generally, the olefin which can be oligomerized or poly-
merized can comprise, or consist essentially of, a C, to C;,
olefin; alternatively, a C, to C, ; olefin; or alternatively, a C, to
C,, olefin. In an embodiment, the olefin can be an alpha
olefin; alternatively, a linear alpha olefin; or alternatively, a
normal alpha olefin. In an embodiment, the olefin can com-
prise, or consist essentially of, ethylene, propylene, or a com-
bination thereof; alternatively, ethylene; or alternatively, pro-
pylene. When the olefin consists essentially of ethylene, the
olefin oligomerization process can be an ethylene oligomer-
ization process or an ethylene polymerization process.

In an aspect, the olefin oligomerization process can be an
olefin trimerization process; alternatively, an olefin tetramer-
ization process; or alternatively, an olefin trimerization and
tetramerization process. When the olefin is ethylene, the ole-
fin oligomerization process can be an ethylene trimerization
process; alternatively, an ethylene tetramerization process; or
alternatively, an ethylene trimerization and tetramerization
process. When the process is an ethylene trimerization pro-
cess, the olefin product can comprise hexene; or alternatively,
can comprise 1-hexene. When the process is an cthylene
tetramerization process, the olefin product can comprise
octene; or alternatively, can comprise 1-octene. When the
process is an ethylene trimerization and tetramerization pro-
cess, the olefin product can comprise hexene and octene; or
can comprise 1-hexene and 1-octene.

Unless otherwise specified, the terms contacted, com-
bined, and “in the presence of” refer to any addition sequence,
order, or concentration for contacting or combining two or
more components of the oligomerization process. Combining
or contacting of oligomerization components, according to
the various methods described herein can occur in one or
more contact zones under suitable contact conditions such as
temperature, pressure, contact time, flow rates, etc. . . . The
contact zone can be disposed in a vessel (e.g. a storage tank,
tote, container, mixing vessel, reactor, etc.), a length of pipe
(e.g. a tee, inlet, injection port, or header for combining
component feed lines into a common line), or any other suit-
able apparatus for bringing the components into contact. The
processes can be carried out in a batch or continuous process
as is suitable for a given embodiment.

In an embodiment, the olefin oligomerization or olefin
polymerization can be a continuous process carried out in one
or more reactors. In some embodiments, the continuous olefin
oligomerization or olefin polymerization reactor can com-
prise a loop reactor, a tubular reactor, a continuous stirred tank
reactor (CSTR), or combinations thereof. In other embodi-
ments, the continuous olefin oligomerization or olefin poly-
merization reactor can be a loop reactor; alternatively, a tubu-
lar reactor; or alternatively, a continuous stirred tank reactor
(CSTR). In other embodiments, the continuous olefin oligo-
merization or olefin polymerization reactor can be employed
in the form of different types of continuous reactors in com-
bination, and in various arrangements.

In an embodiment, the olefin product or polymer product
can be formed under suitable oligomerization or polymeriza-
tion reaction conditions such as reaction temperatures, reac-
tion pressure, and/or reaction times. Reaction temperatures,
reaction pressure, and/or reaction times can be impacted by a
number of factors such as the metal complex stability, metal
complex activity, cocatalyst identity, cocatalyst activity,
desired product distribution, and/or desired product purity
among other factors.
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Generally, the olefin oligomerization or olefin polymeriza-
tion can be performed using any N*-phosphinyl amidine com-
pound, metal salt, or N*-phosphinyl amidine metal complex
concentration that forms the desired olefin product or olefin
polymer. In an embodiment, the concentration of the
NZ2-phosphinyl amidine compound, metal salt, or N*-phos-
phinyl amidine metal complex can be at least 1x1076 equiva-
lents/liter; alternatively, at least 1x10~> equivalents/liter; or
alternatively, at least 5x107* equivalents/liter. In other
embodiments, the concentration of the diphosphino aminyl
complexed metal compound can range from 1x107° equiva-
lents/liter to 1 equivalents/liter; alternatively, range from
1x107° equivalents/liter to 5x10~" equivalents/liter; or alter-
natively, range from 5x107* equivalents/liter to 1x107*
equivalents/liter.

Generally, the olefin oligomerization or olefin polymeriza-
tion reaction pressure can be any pressure that facilitates the
oligomerization or polymerization of the olefin. In an
embodiment, the reaction pressure of the olefin oligomeriza-
tion or olefin polymerization process can be any reaction
pressure required to produce the desired olefin product or
polymer product. In some embodiments, the olefin oligomer-
ization or olefin polymerization pressure can be greater than
or equal to 0 psig (0 KPa); alternatively, greater than or equal
to 50 psig (344 KPa); alternatively, greater than or equal to
100 psig (689 KPa); or alternatively, greater than or equal to
150 psig (1.0 MPa). In other embodiments, the olefin oligo-
merization or olefin polymerization pressure can range from
0 psig (0KPa) to 5,000 psig (34.5 MPa); alternatively, 50 psig
(344 KPa) to 4,000 psig (27.6 MPa); alternatively, 100 psig
(689 KPa) to 3,000 psig (20.9 MPa); or alternatively, 150 psig
(1.0 MPa) to 2,000 psig (13.8 MPa). In embodiments wherein
the monomer is a gas (e.g. ethylene), the olefin oligomeriza-
tion or olefin polymerization pressure can be carried out
under a monomer gas pressure. When the olefin oligomeriza-
tion or olefin polymerization pressure produces an ethylene
oligomer or polyethylene, the reaction pressure can be the
monomer ethylene pressure. In some embodiments, the eth-
ylene pressure can be greater than or equal to 0 psig (0 KPa);
alternatively, greater than or equal to 50 psig (344 KPa);
alternatively, greater than or equal to 100 psig (689 KPa); or
alternatively, greater than or equal to 150 psig (1.0 MPa). In
other embodiments, the ethylene pressure can range from 0
psig (0 KPa) to 5,000 psig (34.5 MPa); alternatively, 50 psig
(344 KPa) to 4,000 psig (27.6 MPa); alternatively, 100 psig
(689 KPa) to 3,000 psig (20.9 MPa); or alternatively, 150 psig
(1.0 MPa) to 2,000 psig (13.8 MPa). In some cases when
ethylene is the monomer, inert gases can form a portion of the
total reaction pressure. In the cases where inert gases form a
portion of the reaction pressure, the previously stated ethyl-
ene pressures can be the applicable ethylene partial pressures
of'the polymerization or oligomerization reaction. In the situ-
ation where the monomer provides all or a portion of the
olefin oligomerization or olefin polymerization pressure, the
reaction system pressure can decrease as the gaseous mono-
mer is consumed. In this situation, additional gaseous mono-
mer and/or inert gas can be added to maintain a desired olefin
oligomerization or olefin polymerization pressure. In some
embodiments, additional gaseous monomer can be added to
the olefin oligomerization or olefin polymerization pressure
ata set rate (e.g. for a continuous flow reactor), or at different
rates (e.g. to maintain a set system pressure in a batch reactor).
In other embodiments, the olefin oligomerization or olefin
polymerization pressure can be allowed to decrease without
adding any additional gaseous monomer and/or inert gas.

In embodiments wherein hydrogen is utilized, hydrogen
can be added in any amount that produces the desired effect.
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In some embodiments, the hydrogen partial pressure can be
greater than or equal to 1 psig (kPa); alternatively, greater
than or equal to 5 psig (34 kPa); alternatively, greater than or
equal to 10 psig (69 kPa); or alternatively, greater than or
equal to 15 psig (100 kPa). In other embodiments, the hydro-
gen partial pressure can range from 1 psig (6.9 kPa) to 500
psig (3.5 MPa); alternatively, 5 psig (34 kPa) to 400 psig (2.8
MPa); alternatively, 10 psig (69 kPa) to 300 psig (2.1 MPa); or
alternatively, 15 psig (100 kPa) to 200 psig (1.4 MPa).

In an embodiment, a condition to form an olefin product or
polymer product can include an oligomerization temperature
or polymerization temperature. Generally, the oligomeriza-
tion temperature or polymerization temperature can be any
temperature which forms the desired olefin product or poly-
mer product. In an embodiment, the oligomerization tem-
perature or polymerization temperature can be at least 0° C.;
alternatively, at least 10° C.; alternatively, at least 20° C.; or
alternatively, at least 30° C. In some embodiments, the oligo-
merization temperature or polymerization temperature can
range from 0° C. to 200° C.; alternatively, range from 10° C.
to 160° C.; alternatively, ranges from 20° C. to 140° C.; or
alternatively, ranges from 30° C. to 120° C.

In an embodiment, a condition to form an olefin product or
polymer product can include an oligomerization time or poly-
merization time. Generally, the oligomerization time or poly-
merization time can be any time that produces the desired
quantity of olefin product or polymer product; or alterna-
tively, provide a desired catalyst system productivity; or alter-
natively, provide a desired conversion of monomer. In some
embodiments, the oligomerization time or polymerization
time can range from 1 minute to 5 hours; alternatively, ranges
from 5 minutes to 2.5 hours; alternatively, ranges from 10
minutes to 2 hours; or alternatively, ranges from 15 minutes to
1.5 hours. In an embodiment, the olefin oligomerization can
have a single pass olefin conversion of ethylene of at least 30
wt. % percent; alternatively, at least 35 wt. % percent; alter-
natively, at least 40 wt. % percent; or alternatively, at least 45
wt. % percent. When the olefin is ethylene, the olefin conver-
sion is ethylene conversion.

In an embodiment, the olefin oligomerization process pro-
duces an olefin product comprising an olefin trimer, an olefin
tetramer, or mixtures thereof. In some embodiments, when
the olefin is ethylene the olefin oligomerization is an ethylene
oligomerization process. In some embodiments, the olefin
oligomerization produces an alpha olefin product having at
least four carbon atoms. In an embodiment, the ethylene
oligomerization process produces an olefin product compris-
ing an ethylene trimer (e.g. hexene, or alternatively, 1-hex-
ene), an ethylene tetramer (e.g. octene, or alternatively,
1-octene), or a combination thereof; alternatively, hexene;
alternatively, octene; alternatively, hexene and octene. In
other embodiments, the ethylene oligomerization produces
an olefin product comprising 1-hexene, 1-octene, or a com-
bination thereof; alternatively, 1-hexene; alternatively,
1-octene; alternatively, 1-hexene and 1-octene. In an embodi-
ment, when the olefin is ethylene and the process produces an
alpha olefin (e.g. 1-hexene, l-octene, or a combination
thereof) the olefin oligomerization process can be an alpha
olefin production process.

In an embodiment, the ethylene oligomerization process
can produce an olefin product comprising a liquid product
comprising at least 60 wt. % C, and Cy olefins. In some
embodiments, the olefin product comprises a liquid product
comprising at least 70 wt. % Cg4 and Cg olefins; alternatively,
atleast 75 wt. % C, and Cg olefins; alternatively, at least 80 wt.
% Cg and Cy olefins; alternatively, at least 85 wt. % Cg and Cq
olefins; or alternatively, at least 90 wt. % C, and Cq olefins. In
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other embodiments, the ethylene oligomerization process can
produce an olefin product comprising a liquid product having
from 60 t0 99.9 wt. % of C, and Cy olefins; alternatively, from
7010 99.8 wt. % C, and Cg olefins; alternatively, from 75 to
99.7 wt. % Cg4 and Cg olefins; or alternatively, from 80 to 99.6
wt. % C4 and Cg olefins. Throughout this application, a liquid
product refers to the olefin oligomer product having from 4 to
18 carbon atoms.

In an embodiment, the ethylene oligomerization process
can produce an olefin product comprising a liquid product
comprising at least 60 wt. % C olefins. In some embodi-
ments, the olefin product can comprise a liquid product com-
prising at least 70 wt. % Cg olefins; alternatively, at least 75
wt. % C, olefins; alternatively, at least 80 wt. % C; olefins;
alternatively, at least 85 wt. % C olefins; or alternatively, at
least 90 wt. % Cg olefins. In other embodiments, the ethylene
oligomerization process can produce an olefin product com-
prising a liquid product having from 60 to 99.9 wt. % of Cg
olefins; alternatively, from 70 to 99.8 wt. % C4 olefins; alter-
natively, from 75 to 99.7 wt. % C, olefins; or alternatively,
from 80 to 99.6 wt. % C; olefins; or alternatively, 85 to 99.6
wt. % C olefins.

In an embodiment, the C; olefin product produced by the
ethylene oligomerization process can comprise at least 85 wt.
% 1-hexene. In some embodiments, the Cg olefin product
produced by the ethylene oligomerization process can com-
prise at least 87.5 wt. % 1-hexene; alternatively, at least 90 wt
% 1-hexene; alternatively, at least 92.5 wt. % 1-hexene; alter-
natively, at least 95 wt. percent 1-hexene; alternatively, at
least 97 weight percent 1-hexene; or alternatively, at least 98
weight percent 1-hexene. In other embodiments, the C olefin
product produced by the ethylene oligomerization process
can comprise from 85 to 99.9 wt % 1-hexene; alternatively,
from 87.5 to 99.9 wt % 1-hexene; alternatively, from 90 to
99.9 wt % 1-hexene; alternatively, from 92.5 to 99.9 wt %
1-hexene; alternatively, from 95 to 99.9 wt. % 1-hexene;
alternatively, from 9710 99.9 wt. % 1-hexene; or alternatively,
from 98 to 99.9 wt. % 1-hexene.

In an embodiment, the C; olefin product produced by the
ethylene oligomerization process can comprise at least 85 wt.
% 1-octene. In some embodiments, the Cy olefin product
produced by the ethylene oligomerization process can com-
prise at least 87.5 wt. % 1-octene; alternatively, at least 90 wt
% 1-octene; alternatively, at least 92.5 wt. % 1-octene; alter-
natively, at least 95 wt. percent 1-octene; alternatively, at least
97 weight percent 1-octene; or alternatively, at least 98 weight
percent 1-octene. In other embodiments, the C olefin product
produced by the ethylene oligomerization process can com-
prise from 85 to 99.9 wt % 1-octene; alternatively, from 87.5
to 99.9 wt % 1-octene; alternatively, from 90 to 99.9 wt %
1-octene; alternatively, from 92.5 to 99.9 wt % l-octene;
alternatively, from 95 to 99.9 wt. % 1-octene; alternatively,
from 97 to 99.9 wt. % 1-octene; or alternatively, from 98 to
99.9 wt. % 1-octene.

Ithas been discovered that, in some aspects and/or embodi-
ments, aging the catalyst system before contacting the cata-
lyst system with the olefin to be oligomerized and/or poly-
merized can improve aspects of the olefin oligomerization
and/or olefin polymerization process. Firstly, it has been
observed that aging the catalyst system can increase the pro-
ductivity of the catalyst system. Secondly, in olefin oligomer-
ization, it has been observed that aging the catalyst system
can decrease the amount of polymer produced in an olefin
oligomerization process. In some olefin oligomerization
aspects and/or embodiments, aging the catalyst system can
increase the productivity of the catalyst system; alternatively,
can decrease the amount of polymer produced in the olefin
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oligomerization; or alternatively, can increase the productiv-
ity of the catalyst system and decrease the amount of polymer
produced in the olefin oligomerization.

The catalyst system aging impacts can be utilized to pro-
vide positive benefits to olefin oligomerization and/or olefin
polymerization processes. For example, increasing the activ-
ity and/or the productivity of the catalyst system can provide
increased olefin oligomer product per unit of catalyst system
among other benefits. Additionally, the decrease in polymer
produced in an olefin oligomerization upon aging the catalyst
system can reduce polymer which could adhere to the oligo-
merization reactor walls or cooling apparatus. The reduction
in polymer produced in the olefin oligomerization process
can reduce the need to shut down a reactor to remove the
polymer which can cause fouling.

In any aspect or embodiment wherein an N*-phosphinyl
amidine compound, a metal salt, and a metal alkyl are con-
tacted prior to contacting the olefin, the mixture comprising
the N2-phosphinyl amidine compound, the metal salt, and the
metal alkyl can be allowed to age for a period of time prior to
contacting the mixture comprising the N>-phosphinyl ami-
dine compound, a metal salt, and a metal alkyl with a mixture
comprising the olefin. In some embodiments, a mixture com-
prising an N*-phosphinyl amidine compound, a metal salt,
and a metal alkyl can further comprise a solvent.

In any aspect or embodiment wherein an N*-phosphinyl
amidine metal salt complex and a metal alkyl are contacted
prior to contacting the olefin, the mixture comprising the
N2-phosphinyl amidine metal salt complex and the metal
alkyl can be allowed to age for a period of time prior to
contacting the mixture comprising the N*-phosphinyl ami-
dine metal salt complex and the metal alkyl with a mixture
comprising the olefin. In some embodiments, a mixture com-
prising an N*-phosphinyl amidine metal salt complex and a
metal alkyl can further comprise a solvent.

In a non-limiting embodiment, the olefin oligomerization
process can comprise: a) preparing a catalyst system; b)
allowing the catalyst system to age for a period of time; ¢)
contacting the aged catalyst system with an olefin; and d)
forming an olefin oligomer product. In some non-limiting
embodiments, the olefin oligomerization process can com-
prise, a) preparing a catalyst system; b) allowing the catalyst
system to age for a period of time; c¢) contacting the aged
catalyst system with an olefin and hydrogen; and d) forming
an olefin oligomer product. The catalyst system, olefin, and
other features of the olefin oligomerization and olefin poly-
mer product are independently described herein and can be
utilized, without limitation to further describe the olefin oli-
gomerization process. In some embodiments, the catalyst
system can be prepared in a first solvent. In an embodiment,
the olefin, aged catalyst system, and optionally hydrogen, can
be contacted in a second solvent. Generally, a solvent in
which the catalyst system can be prepared and the solvent in
which the olefin and aged catalyst system can be contacted
can be the same; or alternatively, can be different. The catalyst
system, features of aging the catalyst system, features of the
olefin oligomer, and features of the impacts of aging the
catalysts system, among other features, are independently
described herein and can be utilized, without limitation to
further describe the olefin oligomerization process. In some
embodiments, the first and second solvent can be the same; or
alternatively, the first and second solvent can be different.

In a non-limiting embodiment, the olefin oligomerization
process can comprise: a) forming a catalyst system mixture
comprising an NZ-phosphinyl amidine metal salt complex
and metal alkyl; b) aging the catalyst system mixture; c)
contacting the aged catalyst system mixture with an olefin;
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and ¢) forming an olefin oligomer product. In another non-
limiting embodiment, the olefin oligomerization process can
comprise: a) forming a catalyst system mixture comprising an
NZ2-phosphinyl amidine compound, a metal salt, and a metal
alkyl; b) aging the catalyst system mixture; ¢) contacting the
aged catalyst system mixture with an olefin; and ¢) forming an
olefin oligomer product. In some embodiments the catalyst
system mixture can further comprise a solvent (e.g. a first
solvent). In some embodiments, the catalyst system mixture
and the olefin can be contacted in a solvent (e.g. a second
solvent). In yet another non-limiting embodiment, the olefin
oligomerization process can comprise: a) forming a catalyst
system mixture comprising (or consisting essentially of) an
N2-phosphinyl amidine metal salt complex, ametal alkyl, and
a first solvent; b) aging the catalyst system mixture; ¢) con-
tacting the aged catalyst system mixture with an olefin and a
second solvent; and ¢) forming an olefin oligomer product. In
a further non-limiting embodiment, the olefin oligomeriza-
tion process can comprise: a) forming a catalyst system mix-
ture comprising (or consisting essentially of) an N*-phosphi-
nyl amidine compound, a metal salt, a metal alkyl, and a first
solvent; b) aging the catalyst system mixture; ¢) contacting
the aged catalyst system mixture with an olefin and a second
solvent; and d) forming an olefin oligomer product.

In some embodiments, the step of contacting the aged
catalyst system mixture with the olefin (and optionally a
solvent—e.g. second solvent) can be a step of contacting the
aged catalyst system mixture with an olefin and hydrogen.
The N?-phosphinyl amidine compound, metal salt, the metal
salt N*-phosphinyl amidine metal salt complex, the metal
alkyl, the olefin, solvents, features of aging the catalyst sys-
tem, features of the olefin oligomer, and features of the
impacts of aging the catalysts system, among other features,
are independently described herein and can be utilized, with-
out limitation to further describe the olefin oligomerization.
In some embodiments, the first and second solvent can be the
same; or alternatively, the first and second solvent can be
different. In some embodiments, the metal alkyl can comprise
an aluminoxane. Ratios for the N*-phosphinyl amidine com-
pound to metal salt and ratios for the metal of the metal alkyl
to metal of the metal salt or the metal of the N*-phosphinyl
amidine metal salt complex, among other features, are inde-
pendently described herein and can be utilized without limi-
tation to further describe the olefin oligomerization or olefin
polymerization process.

In an embodiment, the catalyst system can be aged for up
14 days; alternatively, up to 10 days; alternatively, up to 8
days; alternatively, up to 6 days; alternatively, up to 4 days;
alternatively, up to 3 days; alternatively, up to 48 hours; alter-
natively, up to 36 hours; alternatively, up to 24 hours; alter-
natively, up to 18 hours; alternatively, up to 10 hours; alter-
natively, up to 8 hours; alternatively, up to 6 hours;
alternatively, up to 4 hours; or alternatively, up to 3 hours. In
anembodiment, the catalyst system can be aged for at least 15
minutes; alternatively, at least 20 minutes; or alternatively, at
least 30 minutes. In an embodiment, the catalyst system can
be aged for a time ranging from any catalyst system aging
minimum time disclosed herein to any catalyst system aging
maximum time disclosed herein. In some non-limiting
embodiments, the catalyst system can be aged for from 15
minutes to 14 days; alternatively, from 15 minutes to 10 days;
alternatively, from 15 minutes to 8 days; alternatively, from
15 minutes to 6 days; alternatively, from 20 minutes to 4 days;
alternatively, from 20 minutes to 3 days; alternatively, from
30 minutes to 48 hours; alternatively, from 30 minutes to 36
hours; alternatively, from 30 minutes to 24 hours; alterna-
tively, from 30 minutes to 18 hours; alternatively, from 30
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minutes to 10 hours; alternatively, from 30 minutes to 8 hours;
alternatively, from 30 minutes to 6 hours; alternatively, from
30 minutes to 4 hours; or alternatively, from 30 minutes to 3
hours.

In an embodiment, any catalyst system described herein
can be aged at ambient temperature (15° C.-35° C.—no exter-
nal heat source). In other embodiments, any catalyst system
described herein can be aged at a temperature from 25° C. to
100° C.; alternatively, from 30° C. to 80° C.; or alternatively,
from 35° C. to 60° C. In some embodiments, any catalyst
system described herein can be aged under an inert atmo-
sphere. Generally, one can recognize that the temperature at
which the catalyst system is aged can have an impact upon the
time necessary to achieve an increase in catalyst system activ-
ity and/or reduction in catalyst system polymer production. In
any aspect or embodiment, the catalyst system can be aged at
a combination of any catalyst system aging time described
herein and any aging catalyst system aging temperature
described herein.

The catalytic activity of any olefin oligomerization or poly-
merization catalyst system described herein comprising any
NZ2-phosphinyl amidine metal salt complex or comprising any
N2-phosphinyl amidine compound described herein and any
metal salt described herein can be defined as the grams of
product produced per gram of metal of the metal salt in the
N2-phosphinyl amidine metal salt complex utilized and is
measured over 30 minutes beginning from when complete
catalyst system is contacted with the olefin. In an embodi-
ment, any aged catalyst system described herein (using any
aging time period described herein and/or any aging tempera-
ture described herein) can increase the olefin oligomerization
or olefin polymerization activity of the catalyst system by at
least 10%; alternatively, at least 20%; alternatively, at least
30%; alternatively, at least 40%; or alternatively, at least 50%.
In some embodiments, any aged catalyst system described
herein (using any aging time period described herein and/or
any aging temperature described herein) can increase the
olefin oligomerization or olefin polymerization activity of the
catalyst system from 10 to 1000%; alternatively, from 20 to
800%; alternatively, from 30 to 600%; alternatively, from 40
to 500%; or alternatively, from 50 to 400%. Generally, the
increase in the olefin oligomerization or olefin polymeriza-
tion catalyst system activity as a result of aging the catalyst
system is determined by comparing the activity of the aged
catalyst system to the activity of a catalyst system that has
been aged for less than 12 minutes.

In an embodiment, any aged catalyst system described
herein (using any aging time period described herein and/or
any aging temperature described herein) can provide a cata-
lyst system which can produce a reduction in the percentage
of polymer produced described herein. In some embodi-
ments, aging of any catalyst system described herein can
reduce (using any aging time period described herein and/or
any aging temperature described herein) the amount of poly-
mer produced in an olefin oligomerization process by at least
5%; alternatively, 7.5%; alternatively, 10%; alternatively,
12.5%; or

alternatively, at least 15%. In some embodiments, aging of
any catalyst system described herein (for any time period
described herein) can reduce the amount of polymer pro-
duced in an olefin oligomerization by at least 20%; alterna-
tively, at least 25%; alternatively, at least 30%; or alterna-
tively, at least 35%. Generally, the decrease in the catalyst
system polymer production as a result of aging can be deter-
mined by comparing the polymer production of the aged
catalyst system to the polymer production of a catalyst system
that has been aged for less than 12 minutes.
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In an embodiment, aging any olefin oligomerization cata-
lyst system described herein can have a combination of any
increase in activity described herein and any reduction in the
amount of polymer produced described herein.

In an embodiment, a calibration curve can be produced
depicting the catalyst system activity and/or polymer produc-
tion of any aged catalyst system described herein in response
to one or more catalyst system aging variables (e.g. time,
temperature, or time and temperature). In some embodiments
the calibration curve can be depicted graphically as a function
of'a catalyst system aging variable(s) (e.g. time, temperature,
or time and temperature); or alternatively, the calibration
curve can be depicted as a predictive equation of a catalyst
system aging variable(s) (e.g. time, temperature, or time and
temperature). The graphical representation and/or predictive
equation relating catalyst system activity and/or polymer pro-
duction in response catalyst aging can be utilized to adjust one
or more user and/or process parameters based upon the inter-
polation or extrapolation of the graphical representation or
predictive equation. It is contemplated that in some aspects,
the extent to which the catalyst system activity increases
and/or the extent to which there is a decrease in polymer
production with respect to catalyst system aging can fall
outside the instantly disclosed ranges and can be larger than
would be expected based on the presently disclosed values
depending on conditions under which the catalyst system is
aged. For example, the catalyst system can be subjected to
aging for time periods that are longer than those presently
recited and/or at temperatures greater than those presently
recited. The effects of aging the catalyst system under such
conditions can be subject to the herein mentioned analysis to
provide predictive information that can lead one to conditions
under which catalyst system aging increases the catalyst sys-
tem activity and/or reduces the polymer production in the
olefin oligomerization to within some user and/or process
desired range of values. It is contemplated that given the
benefits of this disclosure and using routine experimentation
one having ordinary skill in the art can modify the method-
ologies disclosed herein to alter the catalytic system activity
of a disclosed catalyst system and/or reduce the amount of
polymer produced in an olefin oligomerization process to a
desired value or range. Such modifications fall within the
scope of this disclosure.

It has also been discovered that when the metal alkyl is an
alumoxane (also referred to as an aluminoxane), aging the
alumoxane can improve aspects of the olefin oligomerization.
For example, it has been observed that aging the alumoxane
prior to its contact with the other components of the catalyst
system can decrease the amount of polymer produced in the
olefin oligomerization process. In some embodiments, any
process for preparing the catalyst system described herein
and/or any olefin oligomerization process described herein
can include a step (or steps) for aging an alumoxane.

In an embodiment, the alumoxane can be aged at ambient
temperature (15° C.-35° C.—no external heat source) for at
least 2 months; at least 4 months; at least 6 months; or at least
8 months. In some embodiments, the alumoxane can be aged
at ambient temperature (15° C.-35° C.—no external heat
source) from 2 months to 4 years; from 4 months to 3 years;
from 6 months to 2.5 years; or from 8 months to 2 years. In
some embodiments, the alumoxane can be aged under an inert
atmosphere.

The aging of the alumoxane can be performed at elevated
temperature. It has been discovered that the aging of the
alumoxane at elevated temperature can reduce the time
needed to achieve the benefits observed when the aged alu-
moxane is utilized in an olefin oligomerization catalyst sys-
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tem. In an embodiment, the alumoxane can be aged at a
temperature from 30° C. to 100° C.; from 35° C. to 90° C.;
from 40° C. to 80° C.; or 45° C. to 70° C. In an embodiment,
the alumoxane can be aged at any elevated temperature dis-
closed herein for at least 12 hours; at least 18 hours; at least 24
hours; or at least 36 hours. In an embodiment, the alumoxane
can be aged at any elevated temperature disclosed herein for
upto 1 year; up to 9 months; up to 6 months; or up to 3 months.
In some embodiments, the alumoxane can be aged under an
inert atmosphere. In an embodiment, the alumoxane can be
aged for a time ranging from any alumoxane aging minimum
time disclosed herein to any alumoxane aging maximum time
disclosed herein. In some embodiments, the alumoxane can
be aged at any elevated temperature disclosed herein and any
alumoxane aging time disclosed herein.

In an embodiment, any aging of the alumoxane described
herein can provide any reduction in the percentage of polymer
produced by the olefin oligomerization described herein. In
some embodiments, any aging of the alumoxane described
herein can reduce the amount of polymer produced in an
olefin oligomerization process by at least 20%; at least 40%;
at least 60%; at least 70%; at least 75%; at least 80%; or at
least 85%.

In an embodiment, a calibration curve can be produced
depicting the polymer production of any catalyst system
described herein utilizing an aged alumoxane in response to
one or more alumoxane aging variables (e.g. time, tempera-
ture, or time and temperature). In some embodiments the
alumoxane aging calibration curve can be depicted graphi-
cally as a function of an alumoxane aging variable(s) (e.g.
time, temperature, or time and temperature); alternatively, the
calibration curve can be depicted as a predictive equation of
an alumoxane aging variable(s) (e.g. time, temperature, or
time and temperature). The graphical representation and/or
predictive equation relating catalyst system polymer produc-
tion in response to alumoxane aging can be utilized to adjust
one or more user and/or process parameters based upon the
interpolation or extrapolation of the graphical representation
or predictive equation. It is contemplated that in some
aspects, the extent to which the polymer production of the
catalyst system decreases with respect to alumoxane aging
can fall outside the instantly disclosed ranges and can be
larger than would be expected based on the presently dis-
closed values depending on the conditions under which alu-
moxane is aged. For example, the catalyst system can be
subjected to aging for time periods that are longer than those
presently recited and/or at temperatures greater than those
presently recited. The effects of alumoxane aging under such
conditions can be subject to the herein mentioned analysis to
provide predictive information that can lead to conditions
under which alumoxane aging can reduce the polymer pro-
duction of the catalyst system in the olefin oligomerization. It
is contemplated that given the benefits of this disclosure and
using routine experimentation one having ordinary skill in the
art can modify the methodologies disclosed herein to alter a
reduction in the amount of polymer produced in an olefin
oligomerization. Such modifications fall within the scope of
this disclosure.

Within this disclosure, amines can be used to ultimately
prepare the N2-phosphinyl amidine compounds and/or the
N2-phosphinyl amidine metal salt complexes utilized in vari-
ous aspects of this disclosure. In various embodiments,
amines which can be utilized have Structure A1-AS; alterna-
tively, Al; alternatively, A2; alternatively, A3; alternatively,
A4; or alternatively, AS.
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Structure Al
R!'—NH,

Structure A2
H,N—L!—NH,

Structure A3
D!~ NH),

Structure A4
Q'—L*—Nm,

Structure AS
R}*—NH,

RY, R?, DY LY, L2, QY, and q within amine Structures A1-A5
are independently described as features of the N2-phospinyl
amidine compounds Structures NP1-NP10, NP11, NP13,
NP15, NP16, NP18, and/or NP20. Since amines having
Structures A1-A4 are ultimately utilized to prepare embodi-
ments of N2-phospinyl amidine compounds having Struc-
tures NP1-NP10, NP11, NP13, NP15, NP16, NP18, and/or
NP20, the R*, R, D*, L', L*, Q', and q descriptions for the
N2-phospinyl amidine compounds can be utilized without
limitation to further describe the amine Structures A1-AS.

In an aspect, the amine having Structure A1 or Structure AS
can be methylamine, ethylamine, a propylamine, a buty-
lamine, a pentylamine, a hexylamine, a heptylamine, an octy-
lamine, a nonylamine, a decylamine, a undecylamine, a dode-
cylamine, a tridecylamine, a tetradecylamine, a
pentadecylamine, a hexadecylamine, a heptadecylamine, an
octadecylamine, or a nonadecylamine; or alternatively,
methylamine, ethylamine, a propylamine, a butylamine, a
pentylamine, a hexylamine, a heptylamine, an octylamine, a
nonylamine, or a decylamine. In some embodiments, the
amine having Structure Al or Structure AS can be methy-
lamine, ethylamine, n-propylamine, iso-propylamine, buty-
lamine, iso-butylamine, sec-butylamine, tert-butylamine,
n-pentylamine, iso-pentylamine, sec-pentylamine, or neo-
pentylamine; alternatively, methylamine, ethylamine, iso-
propylamine, tert-butylamine, or neopentylamine; alterna-
tively, methylamine; alternatively, ethylamine; alternatively,
n-propylamine; alternatively, iso-propylamine; alternatively,
tert-butylamine; or alternatively, neopentylamine.

In other aspects, the amine having Structure Al or Struc-
ture A5 can be cyclobutylamine, a substituted cyclobuty-
lamine, cyclopentylamine, a substituted cyclopentylamine,
cyclohexylamine, a substituted cyclohexylamine, cyclohep-
tylamine, a substituted cycloheptylamine, cyclooctylamine,
or a substituted cyclooctylamine. In an embodiment the
amine having Structure Al or Structure AS can be cyclopen-
tylamine, a substituted cyclopentylamine, cyclohexylamine,
or a substituted cyclohexylamine. In other embodiments, the
amine having Structure Al or Structure A5 can be cyclobu-
tylamine or a substituted cyclobutylamine; alternatively, a
cyclopentylamine or a substituted cyclopentylamine; alterna-
tively, a cyclohexylamine or a substituted cyclohexylamine;
alternatively, a cycloheptylamine or a substituted cyclohep-
tylamine; or alternatively, a cyclooctylamine, or a substituted
cyclooctylamine. In further embodiments, the amine having
Structure A1l or Structure AS can be cyclopentylamine; alter-
natively, a substituted cyclopentylamine; a cyclohexylamine;
or alternatively, a substituted cyclohexylamine. Substituents
and substituents patterns for the R* and R? cycloalkyl groups
are described herein and can be utilized without limitation to
further describe the substituted cycloalkylamines which can
be utilized as the amine having Structure Al or Structure AS
in aspects and/or embodiments described herein.
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In an aspect, the amine having Structure Al can have
Structure A6. In an aspect, the amine having Structure AS can
have Structure A7.

Structure A6
RIZC Rl 3¢
Rl le
(CHy),
H,N
Rl4c Rl 5¢
Structure A7
R3ZC R33c
R3 le
(CHa),
H>N
R34c R3SC

The R''¢, R'?¢, R'*°, R'*°, and R'*“ substituents, substituent
patterns, and n for the R' group having Structure G1 are
described herein and can be utilized without limitation to
describe the amine having Structure A6 which can be utilized
in the various aspects and embodiments described herein. The
R3¢, R32°, R**°, R**°, and R**° substituents, substituent pat-
terns, and n for the R® group having Structure G5 are
described herein and can be utilized without limitation to
describe the amine having Structure A7 which can be utilized
in the various aspects and/or embodiments described herein.

In an aspect, the amine having Structure A1 or Structure AS
can be aniline, a substituted aniline, a naphthylamine, or a
substituted naphthylamine. In an embodiment, R' can be
aniline or a substituted aniline; alternatively, a naphthylamine
or a substituted naphthylamine; alternatively, an aniline or a
naphthylamine; or alternatively, a substituted aniline or a
substituted naphthylamine. Substituents and substituents pat-
terns for R' and R> are described herein and can be utilized
without limitation to further describe the substituted anilines
and substituted naphthylamines which can be utilized in
aspects and/or embodiments described herein.

In an embodiment, the amine having Structure A1 or Struc-
ture A5 can be a 2-substituted aniline, a 3-substituted aniline,
a 4-substituted aniline, a 2,4-disubstituted aniline, a 2,6-dis-
ubstituted aniline, 3,5-disubstituted aniline, or a 2,4,6-trisub-
stituted aniline 1n other embodiments, the R' substituted
aniline can be a 2-substituted aniline, a 4-substituted aniline,
a 2.,4-disubstituted aniline, or a 2,6-disubstituted aniline;
alternatively, a 3-substituted aniline or a 3,5-disubstituted
aniline; alternatively, a 2-substituted aniline or a 4-substituted
aniline; alternatively, a 2,4-disubstituted aniline or a 2,6-
disubstituted aniline; alternatively, a 2-substituted aniline;
alternatively, a 3-substituted aniline; alternatively, a 4-substi-
tuted aniline; alternatively, a 2,4-disubstituted aniline; alter-
natively, a 2,6-disubstituted aniline; alternatively, 3,5-disub-
stituted aniline; or alternatively, a 2,4,6-trisubstituted aniline
Substituents for the R' and R® phenyl groups are generally
disclosed herein and can be utilized without limitation to
further describe the substituted anilines which can be utilized
in the various aspects and/or embodiments described herein.

In an embodiment, the amine having Structure A1 or Struc-
ture A5 can be 1-naphthylamine, a substituted 1-naphthy-
lamine, 2-naphthylamine, or a substituted 2-naphthylamine.
In some embodiments, the amine having Structure Al or
Structure AS can be 1-naphthylamine or a substituted 1-naph-
thylamine; alternatively, 2-naphthylamine or a substituted
2-naphthylamine; alternatively, 1-naphthylamine; alterna-
tively, a substituted 1-naphthylamine; alternatively, 2-naph-
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thylamine; or alternatively, a substituted 2-naphthylamine. In
other embodiments, the amine having Structure Al or Struc-
ture A4 can be a 2-substituted 1-naphthylamine, a 3-substi-
tuted 1-naphthylamine, a 4-substituted 1-naphthylamine, or a
8-substituted 1-naphthylamine; alternatively, a 2-substituted
1-naphthylamine; alternatively, a 3-substituted 1-naphthy-
lamine; alternatively, a 4-substituted 1-naphthylamine; or
alternatively, a 8-substituted 1 naphthylamine. In further
embodiments, the amine having Structure A1 or Structure A5
can be a l-substituted 2-naphthylamine, a 3-substituted
2-naphthylamine, or a 4-substituted 2-naphthylamine, or a
1,3-disubstituted 2-naphthylamine; alternatively, a 1-substi-
tuted 2-naphthylamine; alternatively, a 3-substituted 2-naph-
thylamine; alternatively, a 4-substituted 2-naphthylamine;
alternatively, or a 1,3-disubstituted 2-naphthylamine. Sub-
stituents for the R* and R> naphthyl groups are generally
disclosed herein and can be utilized without limitation to
further describe the substituted naphthylamines which can be
utilized in the various aspects and/or embodiments described
herein.

In an aspect, the amine having Structure Al can have
Structure A8. In an aspect, the amine having Structure AS can
have Structure A9.

Structure A8
R RI2
RM NH,
RIS RIS
Structure A9
R R32
R NH,
R3S R36

The R'?, R'3, R'*, R, and R!6 substituents and substituent
patterns for the R group having Structure G2 are described
herein and can be utilized without limitation to describe the
amine having Structure A8 which can be utilized in the vari-
ous aspects and embodiments described herein. The R>*, R**,
R** R?*, and R3S substituents and substituent patterns for the
R? group having Structure G6 are described herein and can be
utilized without limitation to describe the amine having
Structure A9 which can be utilized in the various aspects
and/or embodiments described herein.

In an aspect, the amine having Structure A1 or Structure AS
can be an aminopyridine, a substituted aminopyridine, an
aminofuran, a substituted aminofuran, an aminothiophene, or
a substituted aminothiophene. In an embodiment, the amine
having Structure A1 or Structure AS can be an amino-pyridine
or a substituted aminopyridine; alternatively, an aminofuran
or a substituted aminofuran; or alternatively, an ami-
nothiophene, or a substituted aminothiophene. In some
embodiments, the amine having Structure A1 or Structure A5
can be an aminopyridine, an aminofuran, or an ami-
nothiophene. In other embodiments, the amine having Struc-
ture Al or Structure AS can be an aminopyridine; alterna-
tively, a substituted aminopyridine; alternatively, an
aminofuran; alternatively, a substituted aminofuran; alterna-
tively, an aminothiophene; or alternatively, a substituted ami-
nothiophene.
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In an embodiment, the amine having Structure A1 or Struc-
ture AS can be 2-aminopyridine, a substituted 2-aminopyri-
dine, 3-aminopyridine, a substituted 3-aminopyridine, 4-ami-
nopyridine, or a substituted 4-aminopyridine; alternatively,
2-aminopyridine, 3-aminopyridine, or 4-aminopyridine. In
some embodiments, the amine having Structure A1 or Struc-
ture AS can be 2-aminopyridine or a substituted 2-aminopy-
ridine; alternatively, 3-aminopyridine or a substituted pyri-
din-3-yl group; alternatively, 4-aminopyridine or a
substituted pyridin-4-yl group; alternatively, 2-aminopyri-
dine; alternatively, a substituted 2-aminopyridine; alterna-
tively, 3-aminopyridine; alternatively, a substituted pyridin-
3-yl group; alternatively, 4-aminopyridine; or alternatively, a
substituted pyridin-4-yl group. In an embodiment, the amine
having Structure A1l or Structure AS can be a 2-substituted
3-aminopyridine, a 4-substituted 3-aminopyridine, a 5-sub-
stituted 3-aminopyridine, a 6-substituted 3-aminopyridine, a
2,4-disubstituted 3-aminopyridine, a 2,6-disubstituted 3-ami-
nopyridine, or a 2,4,6-trisubstituted 3-amino-pyridine; alter-
natively, 2-substituted 3-aminopyridine, a 4-substituted
3-aminopyridine, a 6-substituted 3-aminopyridine; alterna-
tively, a 2,4-disubstituted 3-aminopyridine or a 2,6-disubsti-
tuted 3-aminopyridine; alternatively, a 2-substituted 3-ami-
nopyridine; alternatively, a 4-substituted 3-aminopyridine;
alternatively, a S-substituted 3-aminopyridine; alternatively,
a 6-substituted 3-aminopyridine; alternatively, a 2,4-disubsti-
tuted 3-aminopyridine; alternatively, a 2,6-disubstituted
3-aminopyridine; or alternatively, a 2.4,6-trisubstituted
3-aminopyridine. In an embodiment, the amine having Struc-
ture Al or Structure AS can be a 2-substituted 4-aminopyri-
dine, a 3-substituted 4-aminopyridine, a S-substituted 4-ami-
nopyridine, a 6-substituted 4-aminopyridine, a 2,6-
disubstituted 4-aminopyridine, or a 3,5-disubstituted
4-aminopyridine; alternatively, 2-substituted 4-aminopyri-
dine, a 6-substituted 4-amino-pyridine; alternatively, a 3-sub-
stituted 4-aminopyridine or a S-substituted 4-aminopyridine;
alternatively, a 2-substituted 4-aminopyridine; alternatively,
a 3-substituted 4-aminopyridine; alternatively, a 5-substi-
tuted 4-aminopyridine; alternatively, a 6-substituted 4-ami-
nopyridine; alternatively, a 2,6-disubstituted 4-aminopyri-
dine; or alternatively, a 3,5-disubstituted 4-aminopyridine.
Substituents for the R* and R pyridinyl groups are generally
disclosed herein and can be utilized without limitation to
further describe the substituted aminopyridines which can be
utilized in the various aspects and/or embodiments described
herein.

In an embodiment, the amine having Structure A1 or Struc-
ture A5 can be 2-aminofuran, a substituted 2-aminofuran,
3-aminofuran, or a substituted 3-aminofuran; alternatively,
fur-2-yl or 3-amino-furan. In some embodiments, the amine
having Structure Al or Structure A5 can be 2-aminofuran or
a substituted 2-aminofuran; alternatively, 3-aminofuran, or a
substituted 3-aminofuran; alternatively, 2-aminofuran; alter-
natively, a substituted 2-aminofuran; alternatively, 3-amino-
furan; or alternatively, a substituted 3-aminofuran. In an
embodiment, the amine having Structure A1 or Structure AS
can be a 2-substituted 3-aminofuran, a 4-substituted 3-ami-
nofuran, or a 2,4-disubstituted 3-aminofuran; alternatively, a
2-substituted 3-aminofuran; alternatively, a 4-substituted
3-aminofuran; or alternatively, a 2,4-disubstituted 3-amino-
furan. Substituents for the R and R? furan groups are gener-
ally disclosed herein and can be utilized without limitation to
further describe the substituted aminofurans which can be
utilized in the various aspects and/or embodiments described
herein.

In an embodiment, the amine having Structure A1 or Struc-
ture A5 can be 2-aminothiophene, a substituted 2-ami-
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nothiophene, 3-aminothiophene, or a substituted 3-ami-
nothiophene; alternatively, 2-aminothiophene or
3-aminothiophene. In some embodiments, the amine having
Structure A1l or Structure AS can be 2-aminothiophene or a
substituted thien-2-yl group; alternatively, 3-aminothiophene
or a substituted thien-3-yl group; alternatively, 2-ami-
nothiophene; alternatively, a substituted thien-2-yl group;
alternatively, 3-aminothiophene; or alternatively, a substi-
tuted 3-aminothiophene. In an embodiment, the amine having
Structure Al or Structure A5 can be a 2-substituted 3-ami-
nothiophene, a 4-substituted 3-aminothiophene, or a 2,4-dis-
ubstituted 3-aminothiophene; alternatively, a 2-substituted
3-amino-thiophene; alternatively, a 4-substituted 3-ami-
nothiophene; or alternatively, a 2,4-disubstituted 3-ami-
nothiophene. Substituents for the R' and R? thienyl groups
are generally disclosed herein and can be utilized without
limitation to further describe the substituted ami-
nothiophenes which can be utilized in the various aspects
and/or embodiments described herein.

In a non-limiting embodiment, the amine having Structure
Al or Structure AS can be aniline, a 2-alkylaniline, a 3-alky-
laniline, a 4-alkylaniline, a 2,4-dialkylaniline a 2,6-dialkyla-
niline, a 3,5-dialkyl-aniline, or a 2,4,6-trialkylaniline; alter-
natively, a 2-alkylaniline, a 4-alkylaniline, a 2.4-
dialkylaniline, a 2,6-dialkylaniline, or a 2,4,6-trialkylaniline;
alternatively, a 2-alkylaniline or a 4-alkylaniline; alterna-
tively, a 2,4-dialkylaniline a 2,6-dialkylaniline; alternatively,
a 3-alkylaniline or a 3,5-dialkyl-aniline; alternatively, a
2-alkylaniline or a 2,6-dialkylaniline; alternatively, a 2-alky-
laniline; alternatively, a 3-alkylaniline; alternatively, a
4-alkylaniline; alternatively, a 2,4-dialkylaniline; alterna-
tively, a 2,6-dialkylaniline; alternatively, a 3,5-dialkylaniline;
or alternatively, a 2,4,6-trialkylaniline 1n another non-limit-
ing embodiment, the amine having Structure A1 or Structure
AS can be a 1-aminonaphthylene, a 2-aminonaphthylene, a
2-alkylnaphth-1-yl group, a 1-alkyl-2-aminonaphthylene, a
3-alkylnapth-2-yl group, or a 1,3-dialkyl-2-aminonaphthyl-
ene; alternatively, a 1l-aminonaphthylene or a 2-alkyl-1-
amino-naphthylene; alternatively, a 2-aminonaphthylene, a
1-alkyl-2-aminonaphthylene, a 3-alkylamin-napthylene, or a
1,3-dialkyl-2-aminonaphthylene; alternatively, 1-aminon-
aphthylene; alternatively, a 2-aminonaphthylene; alterna-
tively, a 2-alkyl-1-aminonaphthylene; alternatively, a 1-alkyl-
2-amino-naphthylene; alternatively, a 3-alkyl-2-
aminonapthylene; or alternatively, a 1,3-dialkyl-2-amino-
naphthylene. In other non-limiting embodiments, the amine
having Structure Al or Structure A5 can be a cyclohexy-
lamine, a 2-alkylcyclohexylamine, or a 2,6-dialkylcyclo-
hexylamine; alternatively, cyclopentyl-amine, a 2-alkylcy-
clopentylamine, or a  2,5-dialkylcyclopentylamine;
alternatively, cyclohexylamine; alternatively, a 2-alkylcyclo-
hexylamine; alternatively, a 2,6-dialkylcyclohexylamine;
alternatively, cyclopentylamine; alternatively, a 2-alkylcyclo-
pentylamine; or alternatively, 2,5-dialkylcyclopentyl-amine.
Alkyl group substituents are independently described herein
and can be utilized, without limitation, to further describe the
alkylanilines, dialkylanilines, trialkylanilines, alkylaminon-
aphthylenes, dialkylaminonaphthylenes, alkylcyclohexy-
lamines, dialkylcyclohexylamines, alkylcyclopentylamines,
or dialkylcyclopentylamine which can be utilized in the vari-
ous aspects and/or embodiments described herein. Generally,
the alkyl substitutents of a dialkyl or trialkyl anilines, ami-
nonaphthylenes, cyclohexylamines, or cyclopentylamines
can be the same; or alternatively, can be different.

In another non-limiting embodiment, the amine having
Structure Al or Structure AS can be aniline, a 2-alkoxya-
niline, a 3-alkoxyaniline, a 4-alkoxyaniline, or a 3,5-di-



US 9,283,555 B2

189

alkoxyaniline; alternatively, a 2-alkoxyaniline or a
4-alkoxyaniline; alternatively, a 3-alkoxyaniline or 3,5-di-
alkoxyaniline; alternatively, a 2-alkoxyaniline; alternatively,
a 3-alkoxyaniline; alternatively, a 4-alkoxyaniline; alterna-
tively, a 3,5-dialkoxyaniline Alkoxy group substituents are
independently described herein and can be utilized, without
limitation, to further describe the alkoxyanilines or
dialkoxyanilines which can be utilized in the various aspects
and/or embodiments described herein. Generally, the alkoxy
substitutents of a dialkoxyaniline can be the same; or alter-
natively, can be different.

In other non-limiting embodiments, the amine having
Structure A1 or Structure A5 can be aniline, a 2-haloaniline,
a 3-haloaniline, a 4-haloaniline, a 2,6-dihalophenylgroup, or
a 3,5-dialkylaniline; alternatively, a 2-haloaniline, a 4-haloa-
niline, or a 2,6-dihaloaniline; alternatively, a 2-haloaniline or
a 4-haloaniline; alternatively, a 3-haloaniline or a 3,5-diha-
loaniline; alternatively, a 2-haloaniline; alternatively, a 3-ha-
loaniline; alternatively, a 4-haloaniline; alternatively, a 2,6-
dihaloaniline; or alternatively, a 3,5-dialkylaniline Halides
are independently described herein and can be utilized, with-
out limitation, to further describe the haloanilines or dihaloa-
nilines which can be utilized in the various aspects and/or
embodiments described herein. Generally, the halides of a
dihaloaniline can be the same; or alternatively, can be differ-
ent.

In a non-limiting embodiment, the amine having Structure
Al or Structure AS can be 2-methylaniline, 2-ethylaniline,
2-n-propylaniline, 2-isopropylaniline, 2-tert-butylaniline,
3-methylaniline, 2,6-dimethylaniline, 2,6-diethylaniline,
2,6-di-n-propylaniline, 2,6-diisopropylaniline, 2,6-di-tert-
butylaniline, 2-isopropyl-6-methylaniline, or 2,4,6-trimethy-
laniline; alternatively, 2-methylaniline, 2-ethylaniline, 2-n-
propylaniline, 2-isopropylaniline, or 2-tert-butylaniline;
alternatively, 2,6-dimethyl-aniline, 2,6-diethylaniline, 2,6-
di-n-propylaniline, 2,6-diisopropylaniline, 2,6-di-tert-buty-
laniline, or 2-isopropyl-6-methylaniline; alternatively, 2-me-
thylaniline; alternatively, 2-ethylaniline; alternatively, 2-n-
propylaniline; alternatively, 2-isopropylaniline; alternatively,
2-tert-butylaniline; alternatively, 3-methyl-aniline; alterna-
tively, 2,6-dimethylaniline; alternatively, 2,6-diethylaniline;
alternatively, 2,6-di-n-propylaniline; alternatively, 2,6-diiso-
propylaniline; alternatively, 2,6-di-tert-butylaniline; alterna-
tively, 2-isopropyl-6-methylaniline; alternatively, 3,5-dim-
ethylaniline; or alternatively, 2,4,6-trimethylaniline 1n
another non-limiting embodiment, the amine having Struc-
ture Al or Structure A5 can be 2-methyl-cyclohexylamine,
2-ethylcyclohexylamine, 2-isopropylcyclohexylamine,
2-tert-butylcyclohexylamine, 2,6-dimethylcyclohexylamine,
2,6-diethylcyclohexylamine, 2,6-diisopropylcyclohexy-
lamine, or 2,6-di-tert-butylcyclohexylamine; alternatively,
2-methylcyclohexylamine, 2-ethylcyclohexylamine, 2-iso-
propylcyclohexylamine, or 2-tert-butylcyclohexylamine;
alternatively, 2,6-dimethylcyclohexylamine, 2,6-diethylcy-
clohexylamine, 2,6-diisopropylcyclohexylamine, or 2,6-di-

tert-butylcyclohexylamine; alternatively, 2-methylcyclo-
hexylamine; alternatively, 2-ethylcyclohexylamine;
alternatively, 2-isopropylcyclohexylamine; alternatively,

2-tert-butylcyclohexylamine; alternatively, 2,6-dimethyl-cy-
clohexylamine; alternatively, 2,6-diethylcyclohexylamine;
alternatively, 2,6-diisopropylcyclohexyl-amine; or alterna-
tively, or 2,6-di-tert-butylcyclohexylamine. In another non-
limiting embodiment, the amine having Structure Al or
Structure AS can be 2-methyl-1-aminonaphthylene, 2-ethyl-
1-amino-naphthylene group, 2-n-propyl-1-aminonaphthyl-
ene, 2-isopropyl-1-aminoenaphthylene group, or 2-tert-bu-
tyl-1-aminonaphthylene group; alternatively, 2-methyl-1-
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aminonaphthylene  group;  alternatively,  2-ethyl-1-
aminonaphthylene group; alternatively, 2-n-propyl-1-
aminonaphthylene group; alternatively, 2-isopropyl-1-
naphthylene group; or alternatively, 2-tert-butyl-1-

amononaphthylene group.

In a non-limiting embodiment, the amine having Structure
Al or Structure A5 can be a 3-methoxyaniline, 3-ethoxya-
niline, 3-isoprooxyaniline, 3-tert-butoxyaniline, 4-meth-
oxyaniline, 4-ethoxyaniline, 4-isopropoxyaniline, 4-tert-bu-
toxyaniline, 3,5-dimethoxyaniline, 3,5-diethoxyaniline, 3,5-
diisopropoxyaniline, or 3,5-di-tert-butoxyaniline;
alternatively, 3-methoxyaniline, 3-ethoxyaniline, 3-isopro-
poxyaniline, or 3-tert-butoxyaniline; alternatively, 4-meth-
oxyaniline, 4-ethoxyaniline, 4-isopropoxyaniline, or 4-tert-
butoxyaniline; or alternatively, 3,5-dimethoxyaniline, 3,5-
diethoxyaniline, 3,5-diisopropoxyaniline, or 3,5-di-tert-
butoxyaniline. In other non-limiting embodiments, the amine
having Structure Al or Structure A5 can be 3-methoxya-
niline; alternatively, 3-ethoxyaniline; alternatively, 3-isopro-
poxyaniline; alternatively, 3-tert-butoxyaniline; alternatively,
4-methoxyaniline; alternatively, 4-ethoxyaniline; alterna-
tively, 4-isopropoxyaniline; alternatively, 4-tert-butoxya-
niline; alternatively, 3,5-dimethoxyaniline; alternatively, 3,5-
diethoxyaniline; alternatively, 3,5-diisopropoxyaniline; or
alternatively, 3,5-di-tert-butoxyaniline

In an aspect, the amine having Structure A1 can be a hydro-
carbyl hydrazine or an N,N-dihydrocarbyl hydrazine; alter-
natively, a hydrocarbyl hydrazine; or alternatively, an N,N-
dihydrocarbyl hydrazine. Hydrocarbyl groups for R,
hydrocarbylaminyl groups and dihydrocarbylaminyl groups
have been described herein and these can be utilized, without
limitation to further describe the N-hydrocarbyl hydrazines
and N,N-dihydrocarbyl hydrazines which can be utilized as
the amine having Structure A1 in the various aspects and/or
embodiments described herein. In some non-limiting
embodiments, the amine having Structure Al can be methyl
hydrazine, ethyl hydrazine, ispropyl hydrazine, tert-butyl
hydrazine, neopentyl hydrazine, N,N-dimethyl hydrazine,
N,N-diethyl hydrazine, N,N-diispropyl hydrazine, N,N-di-
tert-butyl hydrazine, or N,N-dineopentyl hydrazine; alterna-
tively, methyl hydrazine, ethyl hydrazine, ispropyl hydrazine,
tert-butyl hydrazine, or neopentyl hydrazine; alternatively,
N,N-dimethyl hydrazine, N,N-diethyl hydrazine, N,N-di-
ispropyl hydrazine, N,N-ditert-butyl hydrazine, or N,N-dine-
opentyl hydrazine; alternatively, methyl hydrazine; alterna-
tively, ethyl hydrazine; alternatively, isopropyl hydrazine;
alternatively, tert-butyl hydrazine; alternatively, neopentyl
hydrazine; alternatively, dimethyl hydrazine; alternatively,
N,N-diethyl hydrazine; alternatively, N,N-diisopropyl hydra-
zine; alternatively, N,N-ditert-butyl hydrazine; or alterna-
tively, N,N-dineopentyl hydrazine. In other non-limiting
embodiments, the amine having Structure Al can be cyclo-
pentylhydrazine, cyclohexylhydrazine, N,N-dicyclopentyl-
hydrazine, N,N-dicyclohexylhydrazine; alternatively, cyclo-
pentylhydrazine or cyclohexylhydrazine; alternatively, N,N-
dicyclopentylhydrazine or N,N-dicyclohexylhydrazine;
alternatively, cyclopentylhydrazine; alternatively, cyclo-
hexylhydrazine; alternatively, N,N-dicyclopentylhydrazine;
or alternatively, N,N-dicyclohexylhydrazine. In other non-
limiting embodiments, the amine having Structure A1l can be
phenylhydrazine, a substituted phenyl phenylhydrazine,
N,N-diphenylhydrazine, or a substituted phenyl N,N-diphe-
nylhydrazine; alternatively, phenylhydrazine, or a substituted
phenyl phenylhydrazine; alternatively, N,N-diphenylhydra-
zine or a substituted phenyl N,N-diphenylhydrazine; alterna-
tively, phenylhydrazine or N,N-diphenylhydrazine; alterna-
tively, phenylhydrazine; alternatively, a substituted phenyl
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phenylhydrazine; alternatively, N,N-diphenylhydrazine; or
alternatively, a substituted phenyl N,N-diphenylhydrazine.
Substituents and substituent patterns for substituted pheny-
laminyl groups and diphenylaminyl groups are generally dis-
closed herein and can be utilized without limitation to further
describe the substituted phenyl phenylhydrazines and substi-
tuted phenyl N,N-diphenylhydrazines which can be utilized
as the amine having Structure A1 in the various aspects and/or
embodiments described herein.

In an aspect, the amine having Structure A1 can be a 1-ami-
nylcycloamine or a cycloamine substituted 1-aminylcy-
cloamine; alternatively, a 1-aminylcycloamine; or alterna-
tively, a cycloamine substituted 1-aminylcycloamine.
Cycloaminyl groups and substituted cycloaminyl groups
have been described herein and these can be utilized, without
limitation to further describe the N,N-dihydrocarbyl hydra-
zine which can be utilized as the amine having Structures A2
in the various aspects and/or embodiments described herein.
In some non-limiting embodiments, the amine having Struc-
ture Al can be 1-aminopyrrolidine, a substituted pyrrolidine
1-aminopyrrolidine, 1-aminopiperidine, or a substituted pip-
eridine 1-aminopiperidine; alternatively, 1-aminopyrrolidine
orasubstituted pyrrolidine 1-aminopyrrolidine; alternatively,
1-aminopiperidine or a substituted piperidine 1-aminopiperi-
dine; alternatively, 1-aminopyrrolidine; alternatively, a sub-
stituted pyrrolidine 1-aminopyrrolidine; alternatively, 1-ami-
nopiperidine; or alternatively, a substituted piperidine
1-aminopiperidine. Substituents and substituent patterns for
substituted cycloaminyl groups are generally disclosed
herein and can be utilized without limitation to further
describe the cycloaminyl substituted 1-aminocycloamines
which can be utilized as the amine having Structure A1 in the
various aspects and/or embodiments described herein.

In an aspect, L' of the amine having Structure A2 can be
any L' described herein. L' is described herein as a feature of
the N2-phosphinyl amidine metal salt complexes utilized in
various aspects of this disclosure. Since the amines having
structure A2 can be utilized to prepare embodiments of the
NZ2-phospinyl amidine compounds having Structure NP2 or
Structure NP7, the aspect and embodiments of L* can utilized
without limitation to further describe the amines having
Structures A2.

In an aspect, the amine having Structure A2 can be a diami-
nomethane, a diaminoethane, a diaminopropane, a diami-
nobutane, a diaminopentane, a diaminohexane, a diamino-
heptane, a diamino-octane, a diaminononane, a
diaminodecane, a diaminoundecane, a diaminododecane, a
diaminotridecane, a diaminotetradecane, a diaminopentade-
cane, a diaminohexadecane, a diaminoheptadecane, a
diamino-octadecane, or a diaminononadecane; or alterna-
tively, a diaminomethane, a diaminoethane, a diamino-pro-
pane, a diaminobutane, a diaminopentane, a diaminohexane,
a diaminoheptane, a diaminooctane, a diaminononane, or a
diaminodecane. In some embodiments, the amine having
Structure A2 can be a diaminomethane, a diaminoethane, a
diaminopropane, a diaminobutane, or a diaminopentane. In
other embodiments, the amine having Structure A2 can be a
diaminomethane; alternatively, a diaminoethane; alterna-
tively, a diaminopropane; alternatively, a diaminobutane;
alternatively, a diaminopentane; alternatively, a diaminohex-
ane; alternatively, a diaminoheptane; alternatively, a diami-
nooctane; alternatively, a diaminononane; alternatively, a
diaminodecane; alternatively, a diaminoundecane; alterna-
tively, a diaminododecane; alternatively, a diaminotridecane;
alternatively, a diaminotetradecane; alternatively, a diamino-
pentadecane; alternatively, a diaminohexadecane; alterna-
tively, a diamino-heptadecane; alternatively, a diaminoocta-
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decane; or alternatively, a diaminononadecane. In some
embodiments, the amine having Structure A2 can be 1,2-
diaminoethane, 1,3-diaminopropane, 1,4-diaminobutane,
2,3-diaminobutane, 1,5-diaminopentane, 1,3-diamino-2,2-
dimethylpropane, 1,6-diaminohexane, or 2,3-diamino-2,3-
dimethylbutane; alternatively, 1,2-diaminoethane, 1,3-di-
amino-propane, 1,4-diaminobutane, 1,5-diaminopentane, or
1,6-diaminohexane; alternatively, 1,2-diaminoethane; alter-
natively, 1,3-diaminopropane; alternatively, 1,4-diaminobu-
tane; alternatively, 2,3-diaminobutane; alternatively, 1,5-di-
aminopentane; alternatively, 1,3-diamino-2,2-
dimethylpropane; alternatively, 1,6-diaminohexane; or
alternatively, 2,3-diamino-2,3-dimethylbutane.

In an aspect, the amine having Structure A2 can have the
formula H,N—CR'R>**(CH,),CR**R*—NH,. R'", R*,
R3*R*%, and t are described herein as embodiments of an L!
group having structure —CR'“R**(CH,),CR>**R*—. The
descriptions of R'4, R**, R** R**, and t can be utilized with-
out limitation to further describe the amines having the for-
mula H,N—CR'“R?**(CH,),CR?>*R**—NH, which can be
utilized in the various aspects and/or embodiments described
herein.

In an embodiment, the amine having Structure A2 can be a
diaminocyclobutane, a substituted diaminocyclobutane, a
diaminocyclopentane, a substituted diaminocyclopentane, a
diaminocyclohexane, a substituted diaminocyclohexane, a
diaminocycloheptane, a substituted diaminocycloheptane, a
diaminocyclooctane, or a substituted diaminocyclooctane. In
some embodiments, the amine having Structure A2 can be a
diaminocyclopentane, a substituted diaminocyclopentane, a
diaminocyclohexane, a substituted diaminocyclohexane. In
other embodiments, the amine having Structure A2 can be a
diaminocyclobutane or a substituted diaminocyclobutane;
alternatively, a diaminocyclopentane or a substituted diami-
nocyclopentane; alternatively, a diaminocyclohexane or a
substituted diamino-cyclohexane; alternatively, a diaminocy-
cloheptane or a substituted diaminocycloheptane; or alterna-
tively, a diaminocyclooctane, or a substituted diaminocy-
clooctane. In further embodiments, the amine having
Structure A2 can be a diaminocyclopentane; alternatively, a
substituted diaminocyclopentane; a diaminocyclohexane; or
alternatively, a substituted diaminocyclohexane.

In an embodiment, the amine having Structure A2 can be
1,3-diaminocyclopentane, a substituted 1,3-diaminocyclo-
pentane, 1,3-diaminocyclohexane, a substituted 1,3-diami-
nocyclohexane, 1,4-diaminocyclohexane, or a substituted
1,4-diaminocyclohexane; alternatively, 1,3-diamino-cyclo-
pentane, 1,3-diaminocyclohexane, or 1,4-diaminocyclohex-
ane. In some embodiments, the amine having Structure A2
can be 1,3-diaminocyclopentane or a substituted 1,3-diami-
nocyclopentane; alternatively, 1,3-diaminocyclohexane, a
substituted 1,3-diaminocyclohexane, 1,3-diaminocyclohex-
ane, or a substituted 1,4-diaminocyclohexane; alternatively,
1,3-diaminocyclohexane or a substituted 1,3-diaminocyclo-
hexane; alternatively, 1,4-diaminocyclohexane or a substi-
tuted 1,4-diaminocyclohexane; alternatively, 1,3-cyclopen-
tane; alternatively, 1,3-diaminocyclohexane; or alternatively,
1,4-diaminocyclohexane.

In a non-limiting embodiment, the amine having Structure
A2 can be a 2-disubstituted 1,3-diaminocyclopenane group, a
4,5-disubstituted 1,3-diaminocyclopenane group, a 2,5-dis-
ubstituted 1,3-diaminocyclopenane group, or a 2,4,5-trisub-
stituted 1,3-diaminocyclopenane group. In some embodi-
ments, the amine having Structure A2 can be a 2-disubstituted
1,3-diaminocyclopenane group; alternatively, a 4,5-disubsti-
tuted 1,3-diaminocyclopenane group; alternatively, a 2,5-dis-
ubstituted 1,3-diaminocyclopenane group; alternatively, or a



US 9,283,555 B2

193

2,4,5-trisubstituted  1,3-diaminocyclopenane group. In
another non-limiting embodiment, the amine having Struc-
ture A2 can be a 2,6-disubstituted 1,4-diamino-cyclohexane
group, a 2,3-disubstituted 1,4-diaminocyclohexane group, a
2,5-disubstituted 1,4-diamino-cyclohexane group, or a 2,3,5,
6-tetrasubstituted 1,4-diaminocyclohexane group. In some
embodiments, the amine having Structure A2 can be a 2,6-
disubstituted 1,4-diaminocyclohexane group or a 2,5-disub-
stituted 1,4-diaminocyclohexane group; alternatively, a 2,6-
disubstituted 1,4-diaminocyclohexane group; alternatively, a
2,3-disubstituted 1,4-diaminocyclohexane group; alterna-
tively, a 2,5-disubstituted 1,4-diaminocyclohexane group; or
alternatively, a 2,3,5,6-tetrasubstituted 1,4-diaminocyclohex-
ane group.

L' substituents and substituent patterns for substituted L*
cycloalkane groups are generally disclosed herein and can be
utilized without limitation to further describe the substituted
diamino-cycloalkanes which can be utilized as the amine
having Structure A2 in the various aspects and/or embodi-
ments described herein.

In an aspect, the amine having Structure A2 can be a
bi(aminocyclyl), a substituted bi(amino-cyclyl), a bis(ami-
nocyclyl)methane, a substituted bis(aminocyclyl)methane, a
bis(aminocyclyl)ethane, or a substituted bis(aminocyclyl)e-
thane; or alternatively, a bis(aminocyclyl), a bis(aminocyclyl)
methane, or a bis(aminocyclyl)ethane. In an embodiment, the
amine having Structure A2 can be a bi(aminocyclyl) or a
substituted bi(aminocyclyl); alternatively, a bis(aminocyclyl)
methane or a substituted bis(aminocyclyl)-methane; or alter-
natively, a bis(aminocyclyl)ethane or a substituted bis(ami-
nocyclyl)ethane. In some embodiments, the amine having
Structure A2 can be a bi(aminocyclyl); alternatively, a sub-
stituted bi(aminocyclyl); alternatively, a bis(aminocyclyl)
methane; alternatively, a substituted bis(aminocyclyl)-meth-
ane; alternatively, a bis(aminocyclyl)ethane; or alternatively,
a substituted bis(aminocyclyl)ethane. In an aspect, the amine
having Structure A2 can be a bi(aminocyclohexyl), a substi-
tuted bi(amino-cyclohexyl), a bis(aminocyclohexyl)meth-
ane, a substituted bis(aminocyclohexyl)methane, a bis
(amino-cyclohexyl)ethane, or a  substituted  bis
(aminocyclohexyl)ethane; or alternatively, a
bi(aminocyclohexyl), a bis(aminocyclohexyl)methane, or a
bis(aminocyclohexyl)ethane. In an embodiment, the amine
having Structure A2 can be a bi(aminocyclohexyl) or a sub-
stituted bi(aminocyclohexyl); alternatively, a bis(aminocy-
clohexyl)methane or a substituted bis(aminocyclohexyl)
methane; or alternatively, a bis(aminocyclohexyl)ethane or a
substituted bis(aminocyclohexyl)ethane. In some embodi-
ments, the amine having Structure A2 can be a bi(aminocy-
clohexyl); alternatively, a substituted bi(amino-cyclohexyl);
alternatively, a bis(aminocyclohexyl)methane; alternatively,
a substituted bis(amino-cyclohexyl)methane; alternatively, a
bis(aminocyclohexyl)ethane; or alternatively, a substituted
bis(aminocyclohexyl)ethane. L' substituents and substituent
patterns for substituted L' bicyclylene groups, bis(cyclylene)
methane groups, and bis(cyclylene)ethane groups are gener-
ally disclosed herein and can be utilized without limitation to
further describe the substituted bi(aminocyclyl)s, substituted
bis(aminocyclyl)methanes, and substituted bis(aminocyclyl)
ethanes which can be utilized as the amine having structure
A2 in the various aspects and/or embodiments described
herein.

In an embodiment, the amine having Structure A2 can be a
4.4'-bicyclohexyldiamine, a 3,3'-disubstituted-4,4'-bicyclo-
hexyldiamine, a 3,3',5,5'-tetrasubstituted-4,4'-bicyclohexyl-
diamine, bis(4-aminocyclohexyl)methane, a bis(3-substi-
tuted-4-aminocyclohexyl)methane, a bis(3,5-disubstituted-
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4-aminocyclohexyl)methane, bis-1,2-(4-aminocyclohexyl)
ethane, a bis-1,2-(3-substituted-4-amino-cyclohexyl)ethane,
or a bis-1,2-(3,5-disubstituted-4-aminocyclohexyl)ethane. In
some embodiments, the amine having Structure A2 can be a
4.4'-bicyclohexyldiamine, a 3,3'-disubstituted-4,4'-bicyclo-
hexyl-diamine, a 3,3',5,5'-tetrasubstituted-4,4'-bicyclohexyl-
diamine; alternatively, a bis(4-aminocyclohexyl)-methane, a
bis(3-substituted-4-aminocyclohexyl)methane or a bis(3,5-
disubstituted-4-aminocyclohexyl)-methane; alternatively, a
bis-1,2-(4-aminocyclohexyl)ethane, a bis-1,2-(3-substituted-
4-amino-cyclohexyl)ethane or abis-1,2-(3,5-disubstituted-4-
aminocyclohexyl)ethane. In other embodiments, the amine
having Structure A2 can be a 4,4'-bicyclohexyldiamine; alter-
natively, a 3,3'-disubstituted-4,4'-bicyclohexyldiamine; alter-
natively, a  3,3'5,5'-tetrasubstituted-4,4'-bicyclohexyl-
diamine; alternatively, a bis(4-aminocyclohexyl)methane;
alternatively, a bis(3-substituted-4-aminocyclohexyl)meth-
ane; alternatively, a bis(3,5-disubstituted-4-aminocyclo-
hexyl)methane; alternatively, a bis-1,2-(4-amino-cyclo-
hexyl)ethane; alternatively, a bis-1,2-(3-substituted-4-
aminocyclohexyl)ethane; or alternatively, a bis-1,2-(3,5-
disubstituted-4-aminocyclohexyl)ethane. Generally, any bis
(aminocyclohexyl)ethane disclosed herein (substituted or
unsubstituted) can be a bis-1,1-(aminocyclohexyl)ethane or a
bis-1,2-(aminocyclohexyl)ethane group; alternatively, a bis-
1,1-(aminocyclohexyl)ethane; or alternatively, a bis-1,2-
(aminocyclohexyl)ethane. Substituents for the substituted L*
bicyclohex-4,4'-ylene groups, bis(cyclohex-4-ylene)meth-
ane groups, and a bis-1,2-(cyclohex-4-ylene)ethane groups
are generally disclosed herein and can be utilized without
limitation to further describe the substituted 4,4'-bicyclo-
hexyldiamines, substituted bis(4-aminocyclohexyl)meth-
anes, and substituted bis-1,2-(4-amino-cyclohexyl)ethanes
which can be utilized as the amine having structure A2 in the
various aspects and/or embodiments described herein.

In an aspect, the amine having Structure A2 can be a diami-
nobenzene or a substituted diaminobenzene. In an embodi-
ment, the amine having Structure A2 can be a diaminoben-
zene; or alternatively, a substituted diaminobenzene. In some
embodiments, the amine having Structure A2 can be 1,2-
diaminobenzene or a substituted 1,2-diaminobenzene; alter-
natively, a 1,2-diaminobenzene; or alternatively, a substituted
1,2-diaminobenzene. In other embodiments, the amine hav-
ing Structure A2 can be a 1,3-diaminobenzene or a substituted
1,3-diaminobenzene; alternatively, a 1,3-diaminobenzene; or
alternatively, a substituted 1,3-diaminobenzene. In yet other
embodiments, the amine having Structure A2 can be a 1,4-
diaminobenzene or a substituted 1,4-diaminobenzene; alter-
natively, a 1,4-diamino-benzene; or alternatively, a substi-
tuted 1,4-diaminobenzene. In further embodiments, the
amine having Structure A2 can be a 1,2-diaminobenzene, a
1,3-diaminobenzene, or a 1,4-diaminobenzene; alternatively,
a 1,3-diaminobenzene, or a 1,4-diaminobenzene. In other
embodiments, the amine having Structure A2 can be a sub-
stituted 1,2-diaminobenzene, a substituted 1,3-diaminoben-
zene, or a substituted 1,4-diaminobenzene; alternatively, a
substituted 1,3-diaminobenzene, or a substituted 1,4-di-
amino-benzene. In a non-limiting embodiment, the amine
having Structure A2 can be a 2,6-disubstituted 1,4-diami-
nobenzene, a 2,3-disubstituted 1,4-diaminobenzene, a 2,5-
disubstituted 1,4-diaminobenzene, or a 2,3,5,6-tetrasubsti-
tuted 1,4-diaminobenzene. In some embodiments, the amine
having Structure A2 can be a 2,6-disubstituted 1,4-diami-
nobenzene or a 2,5-disubstituted 1,4-diaminobenzene; alter-
natively, a 2,6-disubstituted 1,4-diaminobenzene; alterna-
tively, a 2,3-disubstituted 1,4-diaminobenzene; alternatively,
a 2,5-disubstituted 1,4-diaminobenzene; or alternatively, a
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2.3,5,6-tetrasubstituted 1,4-diaminobenzene. L' substituents
and substituent patterns for substituted L' phenylene groups
are generally disclosed herein and can be utilized without
limitation to further describe the substituted diaminoben-
zenes which can be utilized as the amine having structure A2
in the various aspects and/or embodiments described herein.

In an aspect, the amine having Structure A2 can be a diami-
nonaphthalene or a substituted diaminonaphthalene. In an
embodiment, the amine having Structure A2 can be a diami-
nonaphthalene; or alternatively, a substituted diaminonaph-
thalene. In some embodiments, the amine having Structure
A2 can be 1,3-diaminonaphthalene, a substituted 1,3-diami-
nonaphthalene, 1,4-diaminonaphthalene, a substituted 1,4-
diaminonaphthalene, 1,5-diaminonaphthalene, a substituted
1,5-diaminonaphthalene, 1,6-diaminonaphthalene, a substi-
tuted 1,6-diaminonaphthalene, 1,7-diaminonaphthalene, a
substituted 1,7-diaminonaphthalene, 1,8-diaminonaphtha-
lene, or a substituted 1,8-diaminonaphthalene. In other
embodiments, the amine having Structure A2 can be 1,3-
diaminonaphthalene or a substituted 1,3-diaminonaphtha-
lene; alternatively, 1,4-diaminonaphthalene or a substituted
1,4-diaminonaphthalene; alternatively, 1,5-diaminonaphtha-
lene or a substituted 1,5-diaminonaphthalene; alternatively,
1,6-diaminonaphthalene or a substituted 1,6-diaminonaph-
thalene; alternatively, 1,7-diaminonaphthalene or a substi-
tuted 1,7-diaminonaphthalene; or alternatively, 1,8-diami-
nonaphthalene or a substituted 1,8-diaminonaphthalene. In
yet other embodiments, the amine having Structure A2 can be
1,3-diamino-naphthalene; alternatively, a substituted 1,3-di-
aminonaphthalene; alternatively, 1,4-diaminonaphthalene;
alternatively, a substituted 1,4-diaminonaphthalene; alterna-
tively, 1,5-diaminonaphthalene; alternatively, a substituted
1,5-diaminonaphthalene; alternatively, 1,6-diaminonaphtha-
lene; alternatively, a substituted 1,6-diaminonaphthalene;
alternatively, 1,7-diaminonaphthalene; alternatively, a substi-
tuted 1,7-diamino-naphthalene; alternatively, 1,8-diaminon-
aphthalene; or alternatively, a substituted 1,8-diamino-naph-
thalene. L' substituents and substituent patterns for
substituted L' naphthylene groups are generally disclosed
herein and can be utilized without limitation to further
describe the substituted diamino-naphthalenes which can be
utilized as the amine having structure A2 in the various
aspects and/or embodiments described herein.

In an aspect, the amine having Structure A2 can be a
bianiline, a substituted bianiline, a bis(aminophenyl)methane
group, a substituted bis(aminophenyl)methane group, a bis
(aminophenyl)-ethane group, or a substituted bis(aminophe-
nyl)ethane group; or alternatively, a bianiline, a bis(ami-
nophenyl)methane group, or a bis(aminophenyl)ethane
group. In an embodiment, the amine having Structure A2 can
be a bianiline or a substituted bianiline; alternatively, a bis
(aminophenyl)-methane group or a substituted bis(ami-
nophenyl)methane group; or alternatively, a bis(aminophe-
nyl)-ethane group or a substituted bis(aminophenyl)ethane
group. In some embodiments, the amine having Structure A2
can be a bianiline; alternatively, a substituted bianiline; alter-
natively, a bis(aminophenyl)-methane group; alternatively, a
substituted bis(aminophenyl)methane group; alternatively, a
bis(amino-phenyl)ethane group; or alternatively, a substi-
tuted bis(aminophenyl)ethane group.

In an embodiment, the amine having Structure A2 can be
2,2'-bianiline, a substituted 2,2'-bianiline, 3,3'-bianiline, a
substituted 3,3'-bianiline, 4,4'-bianiline, or a substituted 4,4'-
bianiline; or alternatively, 3,3'-bianiline, a substituted 3,3'-
bianiline, 4,4'-bianiline, or a substituted 4,4'-bianiline 1n
some embodiments, the amine having Structure A2 can be
2,2'-bianiline or a substituted 2,2'-bianiline; alternatively,
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3,3"-bianiline or a substituted 3,3'-bianiline; or alternatively,
4,4'-bianiline or a substituted 4,4'-bianiline 1n other embodi-
ments, the amine having Structure A2 can be 2,2'-bianiline;
alternatively, a substituted 2,2'-bianiline; alternatively, 3,3'-
bianiline; alternatively, a substituted 3,3'-bianiline; alterna-
tively, 4,4'-bianiline; or alternatively, a substituted 4,4'-bi-
aniline

In an embodiment, the amine having Structure A2 can be
bis(2-aminophenyl)methane, a substituted bis(2-aminophe-
nyl)methane, bis(3-aminophenyl)methane, a substituted bis
(3-aminophenyl)-methane, bis(4-aminophenyl)methane, or a
substituted bis(4-aminophenyl)methane; or alternatively, bis
(3-aminophenyl)methane, a substituted bis(3-aminophenyl)
methane, bis(4-aminophenyl)methane, or a substituted bis(4-
aminophenyl)methane. In some embodiments, the amine
having Structure A2 can be bis(2-aminophenyl)methane or a
substituted bis(2-aminophenyl)methane; alternatively, bis(3-
amino-phenyl)methane or a substituted bis(3-aminophenyl)
methane; or alternatively, bis(4-aminophenyl)-methane or a
substituted bis(4-aminophenyl)methane. In other embodi-
ments, the amine having Structure A2 can be bis(2-aminophe-
nyl)methane; alternatively, a substituted bis(2-aminophenyl)
methane; alternatively, bis(3-aminophenyl)methane;
alternatively, a substituted bis(3-aminophenyl)methane;
alternatively, bis(4-aminophenyl)methane; or alternatively, a
substituted bis(4-aminophenyl)methane.

In an embodiment, the amine having Structure A2 can be
bis(2-aminophenyl)ethane, a substituted bis(2-aminophenyl)
ethane, bis(3-aminophenyl)ethane, or a substituted bis(3-
aminophenyl)-ethane, bis(4-aminophenyl)ethane, or a sub-
stituted bis(4-aminophenyl)ethane; or alternatively, bis(3-
aminophenyl)ethane, a substituted bis(3-aminophenyl)
ethane, bis(4-aminophenyl)ethane, or a substituted bis(4-
aminophenyl)ethane. In some embodiments, the amine
having Structure A2 can be bis(2-amino-phenyl)ethane or a
substituted bis(2-aminophenyl)ethane; alternatively, bis(3-
aminophenyl)ethane or a substituted bis(3-aminophenyl)
ethane; or alternatively, bis(4-aminophenyl)ethane or a sub-
stituted bis(4-aminophenyl)ethane. In other embodiments,
the amine having Structure A2 can be bis(2-aminophenyl)-
ethane; alternatively, a substituted bis(2-aminophenyl)
ethane; alternatively, bis(3-aminophenyl)ethane; alterna-
tively, a substituted bis(3-aminophenyl)ethane; alternatively,
bis(4-aminophenyl)ethane; or alternatively, a substituted bis
(4-aminophenyl)ethane. Generally, any bis(aminophenyl)e-
thane disclosed herein (substituted or unsubstituted) can be a
bis-1,1-(aminophenyl)ethane or a bis-1,2-(aminophenyl)
ethane group; alternatively, a bis-1,1-(aminophenyl)ethane;
or alternatively, a bis-1,2-(aminophenyl)ethane.

In an embodiment, the amine having Structure A2 can be a
3,3'-disubstituted-4,4"-bianiline, a 3,3',5,5'-tetrasubstituted-
4,4'-bianiline, a bis(3-substituted-4-aminophenyl)methane, a
bis(3,5-disubstituted-4-aminophenyl)methane, a bis-1,2-(3-
substituted-4-aminophenyl)ethane, a bis-1,2-(3,5-disubsti-
tuted-4-aminophenyl)ethane. In some embodiments, the
amine having Structure A2 can be a 3,3'-disubstituted 4,4'-
bianiline or a 3,3',5,5'-tetrasubstituted-4,4'-bianiline; alterna-
tively, a bis(3-substituted-4-aminophenyl)methane or a bis(3,
5-disubstituted-4-aminophenyl)methane; alternatively, a bis-
1,2-(3-substituted-4-aminophenyl)ethane or a bis-1,2-(3,5-
disubstituted-4-aminophenyl)ethane. In other embodiments,
the amine having Structure A2 can be a 3,3'-disubstituted-4,
4'-bianiline; alternatively, 3,3',5,5'-tetrasubstituted-4,4'-bi-
aniline; alternatively, a bis(3-substituted-4-aminophenyl)
methane; alternatively, a bis(3,5-disubstituted-4-
aminophenyl)methane;  alternatively, a  bis-1,2-(3-
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substituted-4-aminophenyl)ethane; or alternatively, a bis-1,
2-(3,5-disubstituted-4-aminophenyl)ethane.

L' substituents and substituent patterns for general and
specific substituted L' biphenylene groups, bis(phenylene)
methane groups, and bis(phenylene)ethane groups are gener-
ally disclosed herein and can be utilized without limitation to
further describe the general and specific substituted
bianilines, substituted bis(aminophenyl)methanes, and sub-
stituted bis(aminophenyl)ethanes which can be utilized as the
amine having structure A2 in the various aspects and/or
embodiments described herein.

In an embodiment, the amine having Structure A2 can be a
di(aminomethyl)cycloalkane or a substituted di(aminometh-
yDcycloalkane; alternatively, a di(faminomethyl)cycloalkane.
The cycloalkane group of the di(aminomethyl)cycloalkane
can be cyclobutane group, a substituted cyclobutane group, a
cyclopentane group, a substituted cyclopentane group, a
cyclohexane group, a substituted cyclohexane group, a cyclo-
heptane group, a substituted cycloheptane group, a cyclooc-
tane group, or a substituted cyclooctane group; alternatively,
a cyclopentane group, a substituted cyclopentane group, a
cyclohexane group, or a substituted cyclohexane group; alter-
natively, a cyclobutane group or a substituted cyclobutane
group; alternatively, a cyclopentane group or a substituted
cyclopentane group; alternatively, a cyclohexane group or a
substituted cyclohexane group; alternatively, a cycloheptane
group or a substituted cycloheptane group; or alternatively, a
cyclooctane group, or a substituted cyclooctane group. In
some embodiments, the cycloalkane group of the di(aminom-
ethyl)cycloalkane can be a cyclobutane group, a cyclopentane
group, a cyclohexane group, a cycloheptane group, or a
cyclooctane group; or alternatively, a cyclopentane group or a
cyclohexane group. In other embodiments, the cycloalkane
group of the di(aminomethyl)cycloalkane can be cyclopen-
tane group; alternatively, a substituted cyclopentane group; a
cyclohexane group; or alternatively, a substituted cyclohex-
ane group.

In an embodiment, the amine having Structure A2 can be
1,3-di(aminomethyl)cyclopentane, a substituted 1,3-di(ami-
nomethyl)cyclopentane, 1,3-di(aminomethyl)cyclohexane, a
substituted 1,3-di(aminomethyl)cyclohexane, 1,4-di(ami-
nomethyl)cyclohexane, or a substituted 1,4-di(amino-me-
thyl)cyclohexane; alternatively, 1,3-di(aminomethyl)cyclo-
pentane, 1,3-di(aminomethyl)cyclohexane, or 1,4-di
(aminomethyl)cyclohexane. In some embodiments, the
amine having Structure A2 can be 1,3-di(aminomethyl)cyclo-
pentane or a substituted 1,3-di(aminomethyl)cyclopentane;
alternatively, 1,3-di(aminomethyl)cyclohexane or a substi-
tuted 1,3-di(aminomethyl)cyclohexane, 1,4-di(amino-me-
thyl)cyclohexane, or a substituted 1,4-di(aminomethyl)cy-
clohexane; alternatively, 1,3-di(amino-methyl)cyclohexane
or a substituted 1,3-di(aminomethyl)cyclohexane; alterna-
tively, 1,4-di(amino-methyl)cyclohexane or a substituted 1,4-
di(aminomethyl)cyclohexane; alternatively, 1,3-di(amino-
methyl)cyclopentane; alternatively, a 1,3-di(aminomethyl)
cyclohexane; or alternatively, a 1,4-di(aminomethyl)
cyclohexane.

In an aspect, the amine having Structure A2 can be a
di(aminomethyl)benzene, or a substituted di(aminomethyl)
benzene; alternatively, a di(aminomethyl)benzene. In an
embodiment, L' can be a 1,2-di(aminomethyl)benzene, a
substituted 1,2-di(aminomethyl)benzene, a 1,3-di(aminom-
ethyl)benzene, a substituted 1,3-di(aminomethyl)benzene, a
1,4-di(aminomethyl)benzene, or a substituted 1,4-di(amino-
methyl)benzene; alternatively, a 1,2-di(aminomethyl)ben-
zene, a 1,3-di(aminomethyl)benzene, or a 1,4-di(aminom-
ethyl)benzene. In some embodiments, the amine having
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Structure A2 can be a 1,2-di(aminomethyl)benzene or a sub-
stituted 1,2-di(aminomethyl)benzene; alternatively, a 1,3-di
(amino-methyl)benzene or a substituted 1,3-di(aminom-
ethyl)benzene; alternatively, a 1,4-di(aminomethyl)-benzene
or a substituted 1,4-di(aminomethyl)benzene; alternatively, a
1,2-di(aminomethyl)benzene; alternatively, a 1,3-di(ami-
nomethyl)benzene; or alternatively, a 1,4-di(aminomethyl)
benzene.

L' substituents for the general and specific substituted
di(methylene)cycloalkane groups and di(methylene)benzene
groups are generally disclosed herein and can be utilized
without limitation to further describe the general and specific
substituted di(aminomethyl)cycloalkanes and substituted
di(aminomethyl)benzenes which can be utilized as the amine
having structure A2 in the various aspects and/or embodi-
ments described herein.

In an aspect, the amine having Structure A2 can have
Structure A10, Al1, A12, Al13, Al4, Al5, Al6, Al7, AlS,
Al19, A20, A21, A22, or A23. In some embodiments, the
amine having Structure A2 can have Structure A10, Al1, or
A12; alternatively, A13, A14, A15, or A16; alternatively, A17,
A18, or A19; or alternatively, A20, A21, A22, or A23. In other
embodiments, the amine having Structure A2 can have Struc-
ture A11 or A12; alternatively, A13 or A14; alternatively, A15
or A16; alternatively, A18 or A19; alternatively, A20 or A21;
or alternatively, A22 or A23. In further embodiments, the
amine having Structure A2 can have alternatively, A10; alter-
natively, All; alternatively, A12; alternatively, A13; alterna-
tively, Al4; alternatively, A15; alternatively, A16; alterna-
tively, Al7; alternatively, Al8; alternatively, A19;
alternatively, A20; alternatively, A21; alternatively, A22; or
alternatively, A23.

TABLE 2
Diamines which can be utilized as the amine having Structure A2.
R4 R3L Structure
R3L NH, Al0
REE RIL
R7E NH,
REE RIL
ROL RIOL
NH, R23L Structure
All
Structure
Al2
R#L RSOL
! Structu
N R23L R2L R2E R p220 g23r NHa CAlrg

RZSL’
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TABLE 2-continued

200
TABLE 2-continued

Diamines which can be utilized as the amine having Structure A2.

Diamines which can be utilized as the amine having Structure A2.

RML - ar paor RYE RYE . por pasw R¥Y Structure
AR RR RL Al4
H,N NH;
47L 50Z Sop R R4
R R R AL
RUL 5op s NI, Structure
RE R R Al5
Structure
Al6
R%L NH, Structure
Al7
RMLAQNHZ
R6SL R66L
H>N R72L Structure
Alg
R74L4Q7NHZ
RISL R76L
RS3L RS2L Structure
Al9
LN NH,
RSSE RS6L
H>N R72L R72L NH, Structure
A20
I UanUa
RISL R76L RIS RIS
RS3L R82L R&2L RS Structure
A21
RSSE RS6L RS6L RS
H>N R72L R72L NH, Structure
A22
R74L La R4
RISL R76L R76L RIS

10

15

20

25

30

35

40

45

50

55

60

65

Structure
A23

R83L RSZL RSZL’ R83L’

H,N NH

RSSL RSGL RSGL’ RSSL’

Aspects and embodiments for R'*-R'#, R?'£.R31E R
R31L’, R41L-R51L, R41L’_R51L’, R62L-R66L, R72L-R76L, R72L’_
R76%° R82L_R86L R82L.RBSL’ and L%, are herein described for
the linking group having Structures 11.-14L.. These aspects
and embodiment can be utilized without limitation to
describe the amine having Structures A9-A22 which can be
utilized in the various aspects and/or embodiments described
herein.

In a non-limiting embodiment, the amine having Structure
A2 can be 1,4-diaminobenzene, 2,6-dimethyl-1,4-diami-
nobenzene, 2,6-diethyl-1,4-diaminobenzene, 2.6-diisopro-
py!l 1,4-diaminobenzene, 2,6-di-tert-butyl-1,4-diaminoben-
zene, 2,5-dimethyl-1,4-diaminobenzene, 2,5-diethyl-1,4-
diaminobenzene, 2,5-diisopropyl-1,4-diaminobenzene, 2,5-
di-tert-butyl-1,4-diaminobenzene, or 2,3,5,6-tetramethyl-1,
4-diaminobenzene. In other non-limiting embodiments, the
amine having Structure A2 can be 1,4-diaminobenzene, 2,6-
dimethyl-1,4-diaminobenzene, 2,6-diethyl-1,4-diaminoben-
zene, 2,6-diisopropyl 1,4-diaminobenzene, or 2,6-di-tert-bu-
tyl-1,4-diaminobenzene; alternatively, 2,5-dimethyl-1,4-
diaminobenzene, 2,5-diethyl-1,4-diaminobenzene, 2,5-
diisopropyl-1,4-diaminobenzene, or 2,5-di-tert-butyl-1,4-
diaminobenzene. In yet further non-limiting embodiments,
the amine having Structure A2 can be 1,4-diaminobenzene;
alternatively, 2,6-dimethyl-1,4-diaminobenzene; alterna-
tively, 2,6-diethyl-1,4-diaminobenzene; alternatively, 2,6-di-
isopropyl 1,4-diaminobenzene; alternatively, 2,6-di-tert-bu-

tyl-1,4-diaminobenzene; alternatively, 2,5-dimethyl-1,4-
diaminobenzene; alternatively, 2,5-diethyl-1,4-
diaminobenzene; alternatively, 2,5-diisopropyl-1,4-
diaminobenzene; alternatively, 2,5-di-tert-butyl-1,4-
diaminobenzene; or alternatively, 2,3,5,6-tetramethyl-1,4-
diaminobenzene.

In a non-limiting embodiment, the amine having Structure
A2 can be 3,3'-dimethyl-4,4'-bianiline, 3,3'-diethyl-4,4'-bi-
aniline, 3,3'-diisopropyl-4,4'-bianiline, 3,3'-di-tert-butyl-4,
4'-bianiline, 3,3',5,5'-tetramethyl-4,4'-bianiline, 3,3',5,5'-tet-
raethyl-4,4'-bianiline, 3,3',5,5'-tetraisopropyl-4,4'-bianiline,
or 3,3'5,5-tetra-tert-butyl-4,4'-bianiline 1n some embodi-
ments, the amine having Structure A2 can be 3,3'-dimethyl-
4.4'-bianiline, 3,3'-diethyl-4,4'-bianiline, 3,3'-diisopropyl-4,
4'-bianiline, or 3,3'-di-tert-butyl-4,4'-bianiline; alternatively,
3,3'5,5'-tetramethyl-4,4'-bianiline, 3,3',5,5'-tetraethyl-4,4'-
bianiline, 3,3',5,5'-tetraisopropyl-4,4'-bianiline, or 3,3',5,5'-
tetra-tert-butyl-4,4'-bianiline. In other embodiments, the
amine having Structure A2 can be 3,3'-dimethyl-4,4'-bi-
aniline; alternatively, 3,3'-diethyl-4,4'-bianiline; alterna-
tively, 3,3'-diisopropyl-4,4'-bianiline; alternatively, 3,3'-di-
tert-butyl-4,4'-bianiline; alternatively, 3,3',5,5'-tetramethyl-

4,4'-bianiline; alternatively, 3,3'5,5'-tetracthyl-4,4'-
bianiline; alternatively, 3,3',5,5'-tetraisopropyl-4,4'-
bianiline; or alternatively, 3,3'.5,5'-tetra-tert-butyl-4,4'-

bianiline
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In a non-limiting embodiment, the amine having Structure
A2 can be bis(3-methyl-4-aminophenyl)methane, bis(3-
ethyl-4-aminophenyl)methane, bis(3-isopropy-4-aminophe-
nyl)methane, bis(3-tert-butyl-4-aminophenyl )methane bis(3,
5-dimethyl-4-aminophenyl)methane, bis(3,5-diethyl-4-
aminophenyl)methane, bis(3,5-diisopropy-4-aminophenyl)
methane, or bis(3,5-di-tert-butyl-4-amino-phenyl)methane.
In some embodiments, the amine having Structure A2 can be
bis(3-methyl-4-amino-phenyl)methane, bis(3-ethyl-4-ami-
nophenyl)methane, bis(3-isopropy-4-aminophenyl)methane,
bis(3-tert-butyl-4-aminophenyl)methane; alternatively, bis
(3,5-dimethyl-4-aminophenyl)methane,  bis(3,5-diethyl-4-
aminophenyl)methane, bis(3,5-diisopropy-4-aminophenyl)
methane, or bis(3,5-di-tert-butyl-4-amino-phenyl)methane.
In other embodiments, the amine having Structure A2 can be
bis(3-methyl-4-amino-phenyl)methane; alternatively, bis(3-
ethyl-4-aminophenyl)methane; alternatively, bis(3-isopropy-
4-aminophenyl)methane; alternatively, bis(3-tert-butyl-4-
aminophenyl)methane; alternatively, bis(3,5-dimethyl-4-
aminophenyl)methane;  alternatively,  bis(3,5-diethyl-4-
aminophenyl)methane; alternatively, bis(3,5-diisopropy-4-
aminophenyl)methane; or alternatively, bis(3,5-di-tert-butyl-
4-aminophenyl)-methane.

In a non-limiting embodiment, the amine having Structure
A2 can be bis(3-methyl-4-amino-phenyl)ethane, bis(3-ethyl-
4-aminophenyl)ethane, bis(3-isopropy-4-aminophenyl)
ethane, bis(3-tert-butyl-4-aminophenyl)ethane bis(3,5-dim-
ethyl-4-aminophenyl)ethane, bis(3,5-diethyl-4-
aminophenyl)ethane,  bis(3,5-diisopropy-4-aminophenyl)
ethane, or bis(3,5-di-tert-butyl-4-aminophenyl)ethane. In
some embodiments, the amine having Structure A2 can be
bis(3-methyl-4-aminophenyl)ethane, bis(3-ethyl-4-ami-
nophenyl)ethane, bis(3-isopropy-4-aminophenyl)ethane, bis
(3-tert-butyl-4-aminophenyl)ethane; alternatively, bis(3,5-
dimethyl-4-aminophenyl)ethane, bis(3,5-diethyl-4-
aminophenyl)ethane,  bis(3,5-diisopropyl-4-aminophenyl)
ethane, or bis(3,5-di-tert-butyl-4-aminophenyl)ethane. In
other embodiments, the amine having Structure A2 can be
bis(3-methyl-4-aminophenyl)ethane; alternatively, bis(3-
ethyl-4-aminophenyl)ethane; alternatively, bis(3-isopropy-
4-aminophenyl)ethane; alternatively, bis(3-tert-butyl-4-ami-

nophenyl)ethane; alternatively, bis(3,5-dimethyl-4-
aminophenyl)ethane;  alternatively,  bis(3,5-diethyl-4-
aminophenyl)ethane; alternatively, bis(3,5-diisopropy-4-

aminophenyl)-ethane; or alternatively, bis(3,5-di-tert-butyl-
4-aminophenyl)ethane. Generally, these substituted bis
(aminophenyl)ethanes can be bis-1,1-(aminophenyl)ethane
or bis-1,2-(aminophenyl)ethane group; alternatively, bis-1,1-
(aminophenyl)ethane; or alternatively, bis-1,2-(aminophe-
nyl)ethane.

In an aspect, the amine having Structure A2 can have a
structure wherein one or more of the carbon atoms attached to
the nitrogen atom of the —NH,, group can be a tertiary carbon
atom or a quaternary carbon atom; alternatively, a tertiary
carbon atom; or alternatively, a quaternary carbon atom. In an
embodiment, the amine having Structure A2 can have a struc-
ture wherein each carbon atom attached to a nitrogen atom of’
the —NH, group can be a tertiary carbon atom or a quaternary
carbon atom; alternatively, a tertiary carbon atom; or alterna-
tively, a quaternary carbon atom.

In an embodiment, when a nitrogen atom of the amine
group is attached to a ring atom (e.g. aminocycloalkane,
aromatic amine, aminoarene, diamiocycloalkane, diami-
noarene, bi(aminocyclyl), bis(aminocycloalkyl)methane, bis
(aminocycloalkyl)ethane, bi(aminoanline), bis(aminophe-
nyl)methane, bis(aminophenyl)ethane, or an amine having
Structure A10-A23, among others), the amine can comprise
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at least one substituent located on a carbon atom adjacent to
the ring carbon atom attached to the nitrogen atom of the
amine group; or alternatively, the amine can comprise at least
one substituent at each carbon atom adjacent to the ring
carbon atom attached to the nitrogen atom of the amine group.
In some embodiments, when the nitrogen atom of the amine
group is attached to a ring atom(e.g. aminocycloalkane, aro-
matic amine, aminoarene, diamiocycloalkane, diaminoarene,
bi(aminocyclyl), bis(aminocycloalkyl)methane, bis(ami-
nocycloalkyl)ethane, bi(aminoanline), bis(aminophenyl)
methane, bis(aminophenyl)ethane, or an amine having Struc-
ture A10-A23, among others), the amine can consist of one
substituent located on a carbon atom adjacent to the ring
carbon atom attached to the nitrogen atom of the amine group.
In some embodiments, when the nitrogen atom of the amine
group is attached to a ring atom (e.g. aminocycloalkane,
aromatic amine, aminoarene, diamio-cycloalkane, diami-
noarene, bi(aminocyclyl), bis(aminocycloalkyl)methane, bis
(aminocycloalkyl)ethane, bi(aminoanline), bis(aminophe-
nyl)methane, bis(aminophenyl)ethane, or an amine having
Structure A10-A23, among others), the amine can comprise
only one substituent located on the carbon atom adjacent to
the ring carbon atom attached to the nitrogen atom of the
amine group; or alternatively, the amine can comprise only
one substituent located on each carbon atom adjacent to the
ring carbon atom attached to the nitrogen atom of the amine
group. In yet other embodiments, when the nitrogen atom of
the amine is attached to a ring atom (e.g. aminocycloalkane,
aromatic amine, aminoarene, diamiocycloalkane, diami-
noarene, bi(aminocyclyl), bis(aminocycloalkyl)methane, bis
(aminocycloalkyl)ethane, bi(amino-anline), bis(aminophe-
nyl)methane, bis(aminophenyl)ethane, or an amine having
Structure A10-A23, among others), the amine can consist of
only one substituent located on a carbon atom adjacent to the
ring carbon atom attached to the nitrogen atom of the amine
group.

In an aspect, the amine having Structure A3 can be 1-(2-
aminoethyl)pyrrolidine, 1-(2-amino-ethyl)morpholine, 1-(2-
aminoethyl)piperidine, 2-(2-aminoethyl)piperidine, 2-(2-
aminoethyl)pyrrolidine, N,N-dimethylethylenediamine,
N,N-diethylethylenediamine, N,N-diphenylethylenedi-
amine, 2-amino-thiazole, 2-(aminomethyl)pyridine, 2-(2-
aminoethyl)pyridine, 2-(diphenylphosphino)ethylamine,
3-(diphenylphosphino)propylamine, 2-(2-aminoethyl)furan,
2-(aminomethyl)furan, 2-(2-aminoethyl)-thiophene, 2-(ami-
nomethyl)thiophene, 2-aminoethyl-(phenyl)sulfide, 2-phe-
noxyethylamine, 2-methoxy-ethylamine, 2-ethoxyethy-
lamine, or 2-isopropoxyethylamine. In some embodiments,
the amine having Structure A3 can be N,N-dimethylethylene-
diamine, N,N-diethylethylenediamine, N,N-diphenylethyl-
ene-diamine, 1-(2-aminoethyl)morpholine, 2-aminothiazole,
2-(aminomethyl)pyridine, 2-(2-aminoethyl)-pyridine,
2-(diphenylphosphino)ethylamine, 3-(diphenylphosphino)
propylamine, 2-aminoethyl-(phenyl)-sulfide, 2-phenoxy-
ethylamine, 2-methoxyethylamine, 2-ethoxyethylamine, or
2-isopropoxyethylamine. In yet other embodiments, the
amine having Structure A3 can be N,N-dimethylethylenedi-
amine or N,N-diethylethylenediamine; alternatively, N,N-
diphenylethylenediamine, 2-(diphenylphosphino)ethy-
lamine, 3-(diphenylphosphino)propylamine; alternatively,
2-(aminomethyl)pyridine, 2-(2-aminoethyl)pyridine; or
alternatively, 2-phenoxyethylamine, 2-methoxyethylamine,
2-ethoxyethylamine, or 2-isopropoxyethyl-amine. In further
embodiments, the amine having Structure A3 can be N,N-
dimethylethylenediamine; alternatively, N,N-diethylethyl-
enediamine; alternatively, N,N-diphenylethylenediamine;
alternatively, 2-(diphenylphosphino)ethylamine; alterna-
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tively, 3-(diphenylphosphino)propylamine; alternatively,
2-aminothiazole; alternatively, 2-(aminomethyl)pyridine;

alternatively, 2-(2-aminoethyl)pyridine; or alternatively,
2-aminoethyl-(phenyl)sulfide.

In a non-limiting embodiment, the amine having Structure
A3 can be 2-aminoethyl-(4-methyl-phenyl)sulfide, 2-amino-
ethyl-(4-ethylphenyl)sulfide, 2-aminoethyl-(4-isopropylphe-
nyl)sulfide, 2-aminoethyl-(4-tert-butylphenyl)sulfide. In
some non-limiting embodiments, the amine having Structure
A3 can be 2-aminoethyl-(4-chlorophenyl)sulfide; alterna-
tively, 2-aminoethyl-(4-methylphenyl)sulfide; alternatively,
a 2-aminoethyl-(4-ethylphenyl)sulfide; alternatively, 2-ami-
noethyl-(4-isopropylphenyl)-sulfide; or alternatively, 2-ami-
noethyl-(4-tert-butylphenyl)sulfide. In other non-limiting
embodiments, the amine having Structure A3 can be 2-ami-
noethyl-(2,6-dimethylphenyl)sulfide; or alternatively, 2-ami-
noethyl-(3,5-dimethylphenyl)sulfide. In yet other non-limit-
ing embodiments, the amine having Structure A3 can be
2-aminoethyl-(4-methoxyphenyl)sulfide, 2-aminoethyl-(4-
ethoxyphenyl)sulfide, 2-aminoethyl-(4-isopropoxyphenyl)
sulfide, or 2-aminoethyl-(4-tert-butoxyphenyl)sulfide. In fur-
ther embodiments, the amine having Structure A3 can be
2-aminoethyl-(4-methoxyphenyl)sulfide; alternatively,
2-aminoethyl-(4-ethoxyphenyl)sulfide; alternatively, 2-ami-
noethyl-(4-isopropoxyphenyl)-sulfide; or alternatively,
2-aminoethyl-(4-tert-butoxyphenyl)sulfide.

In an aspect, D' of the amine having Structure A4 can be
any D' described herein. D" is described herein as a feature of
the N2-phosphinyl amidine metal salt complexes utilized in
various aspects of this disclosure. Since the amines having
structure A3 can be utilized to prepare embodiments of the
NZ2-phospinyl amidine compounds having Structure NP4, the
aspects and embodiments of D* can utilized without limita-
tion to further describe the amines having Structures A4.

Within this disclosure, nitriles can be used to ultimately
prepare the N2-phosphinyl amidine compounds and/or the
NZ2-phosphinyl amidine metal salt complexes utilized in vari-
ous aspects of this disclosure. In various embodiments,
nitriles which can be utilized can have Structure N*, N2, or
N3; alternatively, N1; alternatively, N2; or alternatively, N3.

Structure N1
RP—C=N

Structure N2
N=C—IL>—C=N

Structure N3

D’ C=N),

compounds having Structures NP1-NP5 and are described
herein. Since nitriles N1-N3 are utilized to ultimately prepare
embodiments of the N*-phospinyl amidine compounds hav-
ing Structures NP1-NP5, R* L?, D?, and r within nitrile
Structures N1-N3 are independently described as features of
the N*-phospinyl amidine compounds Structures NP1-NP10,
NP11,NP13,NP15, NP16, NP18, and/or NP20. Since nitrile
having Structures N1-N3 are ultimately utilized to prepare
embodiments of N2-phospinyl amidine compounds having
Structures NP1-NP10, NP11, NP13, NP15, NP16, NP18,
and/or NP20, the R? L? D7 and r descriptions for the
N2-phosphinyl amidine compounds may be utilized without
limitation to further describe the amine Structures N1-N3.
In an aspect, the nitrile having Structure N1 can be aceto-
nitrile, propanenitrile, a butanenitrile, a pentanenitrile, a hex-
anenitrile, a heptanenitrile, an octanenitrile, a nonane nitrile,
a decanenitrile, an undecanenitrile, a dodecanenitrile, a tride-
canenitrile, a tetradecanenitrile, a pentadecanenitrile, a hexa-
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decanenitrile, a heptadecane, an octadecanenitrile, a nonade-
canenitrile, or an eicosane nitrile; or alternatively,
acetonitrile, propanenitrile, a butanenitrile, a pentanenitrile, a
hexanenitrile, a heptane nitrile, an octanenitrile, a nonane
nitrile, a decanenitrile, or an undecanenitrile. In some
embodiments, the nitrile having Structure N1 can be aceto-
nitrile, propanenitrile, n-butanenitrile, 2-methylpropaneni-
trile, n-pentanenitrile, 3-methylbutanenitrile, 2-methyl-bu-
tanenitrile, 2,2-dimethylpropanenitrile, n-hexanenitrile,
3-methylbutanenitrile, or 3,3-dimethylbutanenitrile; alterna-
tively, acetonitrile, propanenitrile, 2-methylpropanenitrile,
2,2-dimethylpropanenitrile, or 3,3-dimethylbutanenitrile;
alternatively, acetonitrile; alternatively, propanenitrile; alter-
natively, n-butanenitrile; alternatively, n-pentanenitrile; alter-
natively, 2-methylpropanenitrile; alternatively, 2,2-dimethyl-
propanenitrile; or alternatively, 3,3-dimethylbutanenitrile.

In an aspect, the nitrile having Structure N1 can be
cyclobutylcarbonitrile, a substituted cyclobutylcarbonitrile,
cyclopentylcarbonitrile, a substituted cyclopentylcarboni-
trile, cyclohexyl-carbonitrile, a substituted cyclohexylcarbo-
nitrile, cycloheptylcarbonitrile, a substituted cycloheptyl-
carbonitrile, cyclooctylcarbonitrile, or a substituted
cyclooctylcarbonitrile. In some embodiments, the nitrile can
be cyclopentylcarbonitrile, a substituted cyclopentylcarboni-
trile, cyclohexylcarbonitrile, a substituted cyclohexylcarbo-
nitrile. In other embodiments, the nitrile can be cyclobutyl-
carbonitrile or a substituted cyclobutylcarbonitrile;
alternatively, cyclopentylcarbonitrile or a substituted cyclo-
pentyl-carbonitrile; alternatively, cyclohexylcarbonitrile or a
substituted cyclohexylcarbonitrile; alternatively, cyclohep-
tylcarbonitrile or a substituted cycloheptylcarbonitrile; or
alternatively, cyclooctylcarbonitrile, or a substituted cyclooc-
tylcarbonitrile. In further embodiments, the nitrile can be
cyclopentylcarbonitrile; alternatively, a substituted cyclopen-
tylcarbonitrile; cyclohexylcarbonitrile; or alternatively, a
substituted cyclohexylcarbonitrile. Substituents and substitu-
ents patterns for the R? cycloalkyl groups are described herein
and can be utilized without limitation to further describe the
substituted cycloalkylcarbonitriles which can be utilized in
aspects and/or embodiments described herein.

In an aspect, the nitrile having Structure N1 can have
Structure N4. The R?'¢, R*?°, R**°, R**, and R**° substitu-
ents, substituent patterns, and n for the R? group having Struc-
ture N4 are described

Structure N4
R22% R23¢
RZ le
(CHa),
C
N/// R24c R25¢

herein and can be utilized without limitation to describe the
nitrile having Structure N4 which can be utilized in the vari-
ous aspects and/or embodiments described herein.

In an embodiment, the nitrile having Structure N1 can be
benzonitrile or a substituted benzonitrile. In some embodi-
ments, the nitrile having Structure N1 can be benzonitrile; or
alternatively, a substituted benzonitrile. In an embodiment,
the substituted benzonitrile can be a 2-substituted benzoni-
trile, a 3-substituted benzonitrile, a 4-substituted benzoni-
trile, a 2,4-disubstituted benzonitrile, a 2,6-disubstituted ben-
zonitrile, a 3,5-disubstituted benzonitrile, or a 2,4,6-
trisubstituted benzonitrile. In other embodiments, the
substituted benzonitrile can be a 2-substituted benzonitrile, a
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4-substituted benzonitrile, a 2,4-disubstituted benzonitrile, or
a 2,6-disubstituted benzonitrile; alternatively, a 3-substituted
benzonitrile or a 3,5-disubstituted benzonitrile; alternatively,
a 2-substituted benzonitrile or a 4-substituted benzonitrile;
alternatively, a 2,4-disubstituted benzonitrile or a 2,6-disub-
stituted benzo-nitrile; alternatively, a 2-substituted benzoni-
trile; alternatively, a 3-substituted benzonitrile; alternatively,
a 4-substituted benzonitrile; alternatively, a 2,4-disubstituted
benzonitrile; alternatively, a 2,6-disubstituted benzonitrile;
alternatively, a, 3,5-disubstituted benzonitrile; or alterna-
tively, a 2,4,6-trisubstituted benzonitrile. Substituents for the
R? phenyl groups are generally disclosed herein and can be
utilized without limitation to further describe the substituted
benzonitriles which can be utilized in the various aspects
and/or embodiments described herein.

In an aspect, the nitrile having Structure N1 can have
Structure N5. The R??, R?*, R®* R?°, and R? substituents and
substituent patterns for the R? group having Structure G4 are
described

Structure N5

R23 R22

R* CN

RZS RZG

herein and can be utilized without limitation to describe the
nitrile having Structure N5 which can be utilized in the vari-
ous aspects and/or embodiments described herein.

In an embodiment, the nitrile having Structure N1 can be
phenylacetonitrile, a substituted phenylacetonitrile, 2-phe-
nylpropanenitrile, a substituted 2-phenylpropanenitrile,
3-phenylpropanenitrile, or a substituted 3-phenylpropaneni-
trile. In some embodiments, the nitrile having Structure N1
can be phenylacetonitrile or a substituted phenylacetonitrile;
alternatively, 2-phenylpropanenitrile or a substituted 2-phe-
nylpropanenitrile; alternatively, 3-phenylpropanenitrile or a
substituted 3-phenyl-propanenitrile; or alternatively, pheny-
lacetonitrile, 2-phenylpropanenitrile, or 3-phenylpropaneni-
trile. In other embodiments, the nitrile having Structure N1
can be phenylacetonitrile; alterantively, a substituted pheny-
lacetonitrile; alterantively, 2-phenylpropanenitrile; alteran-
tively, a substituted 2-phenylpropane-nitrile; alterantively,
3-phenylpropanenitrile; or alterantively, a substituted 3-phe-
nylpropanenitrile. Substituents for R benzyl group, 1-phe-
nyleth-1-yl, and/or 2-phenyleth-1-yl groups are generally dis-
closed herein and can be utilized without limitation to further
describe the substituted phenylaceto-nitriles, 2-phenylpro-
panenitriles, and/or 3-phenylpropanenitriles which can be
utilized in the various aspects and/or embodiments described
herein.

In an aspect, the nitrile having Structure N1 can be a pyridi-
necarbonitrile, a substituted pyridinecarbonitrile, a furancar-
bonitrile, a substituted furancarbonitrile, a thiophenecarboni-
trile, or a substituted thiophenecarbonitrile. In an
embodiment, the nitrile having Structure N1 can be a pyri-
dine-carbonitrile or a substituted pyridinecarbonitrile; alter-
natively, a furancarbonitrile or a substituted furancarboni-
trile; or alternatively, a thiophenecarbonitrile, or a substituted
thiophenecarbonitrile. In some embodiments, the nitrile hav-
ing Structure N1 can be a pyridinecarbonitrile, a furancarbo-
nitrile, or a thiophenecarbonitrile. In other embodiments, the
nitrile having Structure N1 can be a pyridine-carbonitrile;
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alternatively, a substituted pyridinecarbonitrile; alternatively,
a furancarbonitrile; alternatively, a substituted furancarboni-
trile; alternatively, a thiophenecarbonitrile; or alternatively, a
substituted thiophenecarbonitrile.

In an embodiment, the pyridinecarbonitrile (or substituted
pyridinecarbonitrile) can be 2-pyridinecarbonitrile, a substi-
tuted 2-pyridinecarbonitrile, 3-pyridinecarbonitrile, a substi-
tuted 3-pyridinecarbonitrile, 4-pyridinecarbonitrile, or a sub-
stituted 4-pyridinecarbonitrile; alternatively,
2-pyridinecarbonitrile, 3-pyridinecarbonitrile, or 4-pyridin-
ecarbonitrile. In some embodiments, the pyridinecarbonitrile
(or substituted pyridinecarbonitrile) can be 2-pyridinecarbo-
nitrile or a substituted 2-pyridinecarbonitrile; alternatively,
3-pyridinecarbonitrile or a substituted 3-pyridinecarboni-
trile; alternatively, 4-pyridinecarbonitrile, or a substituted
4-pyridinecarbonitrile; alternatively, 2-pyridine-carbonitrile;
alternatively, a substituted 2-pyridinecarbonitrile; alterna-
tively, 3-pyridinecarbonitrile; alternatively, a substituted
3-pyridinecarbonitrile; alternatively, 4-pyridinecarbonitrile;
or alternatively, a substituted 4-pyridinecarbonitrile. In an
embodiment, the pyridinecarbonitrile (or substituted pyri-
dine-carbonitrile) can be a 2-substituted-3-pyridinecarboni-
trile, a 4-substituted-3-pyridinecarbonitrile, a S-substituted-
3-pyridinecarbonitrile, a 6-substituted-3-
pyridinecarbonitrile, a 2,4-disubstituted-3-pyridine-
carbonitrile, a 2,6-disubstituted-3-pyridinecarbonitrile, or a
2.4,6-trisubstituted-3-pyridinecarbonitrile; alternatively, a
2-substituted-3-pyridinecarbonitrile, a 4-substituted-3-py-
ridinecarbonitrile, a 6-substituted-3-pyridinecarbonitrile;
alternatively, a 2,4-disubstituted-3-pyridinecarbonitrile or a
2,6-disubstituted-3-pyridinecarbonitrile; ~ alternatively, a
2-substituted-3-pyridinecarbonitrile; alternatively, a 4-sub-
stituted-3-pyridinecarbonitrile; alternatively, a 5-substituted-
3-pyridinecarbonitrile; alternatively, a 6-substituted-3-py-
ridinecarbonitrile; alternatively, a 2.,4-disubstituted-3-
pyridinecarbonitrile; alternatively, a 2,6-disubstituted-3-
pyridinecarbonitrile; or alternatively, a 2,4,6-trisubstituted-3-
pyridine-carbonitrile. In an  embodiment, the
pyridinecarbonitrile (or substituted-pyridinecarbonitrile) can
be a 2-substituted-4-pyridinecarbonitrile, a 3-substituted-4-
pyridinecarbonitrile, a 5-substituted-4-pyridine-carbonitrile,
a 6-substituted-4-pyridinecarbonitrile, a 2,6-disubstituted-4-
pyridinecarbonitrile, or a 3,5-disubstituted-4-pyridinecarbo-
nitrile; alternatively, 2-substituted-4-pyridinecarbonitrile, a
6-substituted-4-pyridinecarbonitrile; alternatively, a 3-sub-
stituted-4-pyridinecarbonitrile or a 5-substituted-4-pyridine-
carbonitrile; alternatively, a 2-substituted-4-pyridinecarboni-
trile; alternatively, a 3-substituted-4-pyridine-carbonitrile;
alternatively, a 5-substituted-4-pyridinecarbonitrile; alterna-
tively, a 6-substituted-4-pyridine-carbonitrile; alternatively, a
2,6-disubstituted-4-pyridinecarbonitrile; or alternatively, a
3,5-disubstituted-4-pyridinecarbonitrile. Substituents for the
R? pyridinyl groups are generally disclosed herein and can be
utilized without limitation to further describe the substituted
pyridinecarbonitriles which can be utilized in the various
aspects and/or embodiments described herein.

In an embodiment, the furancarbonitrile (or substituted
furancarbonitrile) can be 2-furan-carbonitrile, a substituted
2-furancarbonitrile, a 3-furancarbonitrile, or a substituted
3-furancarbonitrile; alternatively, a 2-furancarbonitrile or a
3-furancarbonitrile. In some embodiments, the furancarboni-
trile (or substituted furancarbonitrile) can be a 2-furancarbo-
nitrile or a substituted 2-furancarbonitrile; alternatively, a
3-furancarbonitrile or a substituted 3-furancarbonitrile; alter-
natively, a 2-furancarbonitrile; alternatively, a substituted
2-furancarbonitrile; alternatively, a 3-furancarbonitrile; or
alternatively, a substituted 3-furancarbonitrile. In an embodi-



US 9,283,555 B2

207

ment, the furancarbonitrile (or substituted furancarbonitrile)
can be a 2-substituted-3-furancarbonitrile, a 4-substituted-3-
furancarbonitrile, or a 2,4-disubstituted-3-furancarbonitrile;
alternatively, a 2-substituted-3-furancarbonitrile; alterna-
tively, a 4-substituted-3-furancarbonitrile; or alternatively, a
2.4-disubstituted-3-furancarbonitrile. Substituents for the R?
furyl groups are generally disclosed herein and can be utilized
without limitation to further describe the substituted furan-
carbonitriles which can be utilized in the various aspects
and/or embodiments described herein.

In an embodiment, the thiophenenitrile (or substituted
thiophenenitrile) can be a 2-thiophenecarbonitrile, a substi-
tuted 2-thiophenecarbonitrile, a 3-thiophenecarbonitrile, or a
substituted  3-thiophenecarbonitrile;  alternatively, a
2-thiophenecarbonitrile or a 3-thiophenecarbonitrile. In some
embodiments, the thiophenenitrile (or substituted
thiophenenitrile) group can be a 2-thiophenecarbonitrile or a
substituted  2-thiophenecarbonitrile;  alternatively, a
3-thiophenecarbonitrile or a substituted 3-thiophenecarboni-
trile; alternatively, a 2-thiophenecarbonitrile; alternatively, a
substituted  2-thiophene-carbonitrile;  alternatively, a
3-thiophenecarbonitrile; or alternatively, a substituted
3-thiophene-carbonitrile. In an  embodiment, the
thiophenenitrile (or substituted thiophenenitrile) can be a
2-substituted-3-thiophenecarbonitrile, a 4-substituted-3-
thiophenecarbonitrile, or a 2,4-disubstituted-3-thiophenecar-
bonitrile; alternatively, a 2-substituted-3-thiophenecarboni-
trile; alternatively, a 4-substituted-3-thiophenecarbonitrile;
or alternatively, a 2.4-disubstituted-3-thiophenecarbonitrile.
Substituents for the R? thienyl groups are generally disclosed
herein and can be utilized without limitation to further
describe the substituted thiophenecarbonitriles which can be
utilized in the various aspects and/or embodiments described
herein.

In a non-limiting embodiment, the nitrile having Structure
N1 can be benzonitrile, a 2-alkylbenzonitrile, a 3-alkylben-
zonitrile, a 4-alkylbenzonitrile, a 2,4-dialkylbenzonitrile a
2,6-dialkyl-benzonitrile, a 3,5-dialkylbenzonitrile, or a 2,4,6-
trialkylbenzonitrile; alternatively, a 2-alkylbenzonitrile, a
4-alkylbenzonitrile, a 2,4-dialkylbenzonitrile, a 2,6-dialkyl-
benzonitrile, or a 2,4,6-trialkylbenzonitrile; alternatively, a
2-alkylbenzonitrile or a 4-alkylbenzonitrile; alternatively, a
2,4-dialkylbenzonitrile or a 2,6-dialkylbenzonitrile; alterna-
tively, a 3-alkylbenzonitrile or a 3,5-dialkylbenzonitrile;
alternatively, a 2-alkylbenzonitrile or a 2,6-dialkylbenzoni-
trile; alternatively, a 2-alkylbenzonitrile; alternatively, a
3-alkyl-benzonitrile; alternatively, a 4-alkylbenzonitrile;
alternatively, a 2,4-dialkylbenzonitrile; alternatively, a 2,6-
dialkylbenzonitrile; alternatively, a 3,5-dialkylbenzonitrile;
or alternatively, a 2,4,6-trialkylbenzo-nitrile. In another non-
limiting embodiment, the nitrile having Structure N1 can be
benzonitrile, a 2-alkoxybenzonitrile, a 3-alkoxybenzonitrile,
a 4-alkoxybenzonitrile, or 3,5-dialkoxybenzonitrile; alterna-
tively, a 2-alkoxybenzonitrile or a 4-alkoxybenzonitrile;
alternatively, a 3-alkoxybenzonitrile or 3,5-dialkoxybenzoni-
trile; alternatively, a 2-alkoxybenzonitrile; alternatively, a
3-alkoxybenzonitrile; alternatively, a 4-alkoxybenzonitrile;
or alternatively, a 3,5-dialkoxybenzonitrile. In other non-lim-
iting embodiments, the nitrile having Structure N1 can be
benzonitrile, a 2-halobenzonitrile, a 3-halobenzo-nitrile, a
4-halobenzonitrile, a 2,6-dihalobenzonitrile, or a 3,5-dialky-
Ibenzonitrile; alternatively, a 2-halobenzonitrile, a 4-ha-
lobenzonitrile, or a 2,6-dihalobenzonitrile; alternatively, a
2-halobenzonitrile or a 4-halobenzonitrile; alternatively, a
3-halobenzonitrile or a 3,5-dihalobenzonitrile; alternatively,
a 2-halo-benzonitrile; alternatively, a 3-halobenzonitrile;
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alternatively, a 4-halobenzonitrile; alternatively, a 2,6-diha-
lobenzonitrile; or alternatively, a 3,5-dialkylbenzonitrile.

Halides, alkyl group substituents, and alkoxy group sub-
stituents are independently described herein and can be uti-
lized, without limitation, to further describe the alkylbenzoni-
triles, dialkyl-benzonitriles, trialkylbenzonitriles,
alkoxybenzonitriles, dialkoxybenzonitriles, halobenzoni-
triles, or dihalobenzonitriles which can be utilized in the
various aspects and/or embodiments described herein. Gen-
erally, the halides, alkyl substituents, or alkoxy substituents
of the dialkylbenzonitriles, trialkyl-benzonitriles, dialkoxy-
benzonitriles, or dihalobenzonitriles can be the same; or alter-
natively, the halo, alkyl substituents, or alkoxy substituents of
alkylbenzonitriles, dialkylbenzonitriles, trialkylbenzoni-
triles, dialkoxybenzonitriles, or dihalobenzonitriles can be
different.

In a non-limiting embodiment, the nitrile having Structure
N1 can be 2-methylbenzonitrile, 2-ethylbenzonitrile, 2-iso-
propylbenzonitrile, 2-tert-butylbenzonitrile, 4-methylben-
zonitrile, 4-ethylbenzo-nitrile, 4-isopropylbenzonitrile, or
4-tert-butylbenzonitrile; alternatively, 2-methylbenzonitrile,
2-ethylbenzonitrile, 2-isopropylbenzonitrile, or 2-tert-butyl-
benzonitrile; alternatively, 4-methylbenzonitrile, 4-ethylben-
zonitrile, 4-isopropylbenzonitrile, or 4-tert-butylbenzoni-
trile; alternatively, 2-methylbenzonitrile; alternatively,
2-ethylbenzonitrile; alternatively, 2-isopropylbenzonitrile;
alternatively, 2-tert-butylbenzonitrile; alternatively, 4-meth-
ylbenzonitrile; alternatively, 4-ethylbenzonitrile; alterna-
tively, 4-isopropylbenzonitrile; or alternatively, 4-tert-butyl-
benzonitrile. In another non-limiting embodiment, the nitrile
having Structure N1 can be a 2-methoxybenzonitrile,
2-ethoxybenzonitrile, 2-isopropoxybenzonitrile, 2-tert-bu-
toxybenzonitrile, 4-methoxybenzonitrile, 4-ethoxybenzoni-
trile, 4-isopropoxybenzonitrile, or 4-tert-butoxybenzonitrile;
alternatively, 2-methoxybenzonitrile, 2-ethoxy-benzonitrile,
2-isopropoxybenzonitrile, or 2-tert-butoxybenzonitrile;
alternatively, 4-methoxybenzonitrile, 4-ethoxybenzonitrile,
4-isopropoxybenzonitrile, or 4-tert-butoxybenzonitrile;
alternatively, 2-methoxy-benzonitrile; alternatively,
2-ethoxybenzonitrile; alternatively, 2-isopropoxybenzoni-
trile; alternatively, 2-tert-butoxybenzonitrile; alternatively,
4-methoxybenzonitrile; alternatively, 4-ethoxybenzonitrile;
alternatively, 4-isopropoxybenzonitrile; or alternatively,
4-tert-butoxybenzonitrile. In other non-limiting embodi-
ments, the nitrile having Structure N1 can be 2-fluoroben-
zonitrile, 2-chlorobenzonitrile, 3-fluoro-benzonitrile, 3-chlo-
robenzonitrile, 4-fluorobenzonitrile, 4-chlorobenzonitrile,
3,5-difluorobenzonitrile, or 3,5-dichlorobenzonitrile; alter-
natively, 2-fluorobenzonitrile or 2-chlorobenzonitrile; alter-
natively, 3-fluorobenzonitrile or 3-chlorobenzonitrile; alter-
natively, 4-fluorobenzonitrile or 4-chlorobenzonitrile;
alternatively, 3,5-difluorobenzonitrile or 3,5-dichloroben-
zonitrile; alternatively, 3-fluorobenzonitrile, 3 chloroben-
zonitrile, 3,5-difluorobenzonitrile or 3,5-dichlorobenzoni-

trile;  alternatively,  3-fluorobenzo-nitrile or  3,5-
difluorobenzonitrile;  alternatively, 2-fluorobenzonitrile;
alternatively, 2-chlorobenzonitrile; alternatively, 3-fluo-

robenzonitrile; alternatively, 3-chlorobenzonitrile; alterna-
tively, 4-fluorobenzonitrile; alternatively, 4-chlorobenzoni-
trile; alternatively, 3,5-difluorobenzonitrile; or alternatively,
3,5-dichloro-benzonitrile.

In an aspect, L of the nitrile having Structure N2 can be
any L? described herein. L is described herein as a feature of
the N2-phosphinyl amidine metal salt complexes utilized in
various aspects and/or embodiments of this disclosure. Since
the nitriles having structure N2 can be utilized to prepare
embodiments of the N>-phospinyl amidine compounds hav-



US 9,283,555 B2

209

ing Structure NP2, the aspects and/or embodiments of L? can
utilized without limitation to further describe the nitriles hav-
ing Structures N2.

In an embodiment, the nitrile having Structure N2 can be
oxanitrile, propanedinitrile, a butanedinitrile, a pentanedini-
trile, ahexanedinitrile, a heptanedinitrile, an octanedinitrile, a
nonane-dinitrile, a decanedinitrile, an undecanedinitrile, a
dodecanedinitrile, a tridecanedinitrile, a tetradecane-dini-
trile, a pentadecanedinitrile, a hexadecanedinitrile, a hepta-
decanedinitrile, an octadecanedinitrile, a nonadecanedini-
trile, an eicosanedinitrile, or a heneicosanedinitrile; or
alternatively, propanedinitrile, a butanedinitrile, a pentane-
dinitrile, a hexanedinitrile, a heptanedinitrile, an octanedini-
trile, a nonaedinitrile, a decanedinitrile, an undecanedinitrile,
a dodecanedinitrile. In some embodiments, the nitrile having
Structure N2 can be propanedinitrile, a butanedinitrile, a pen-
tanedinitrile, a hexanedinitrile, or a heptane-dinitrile. In other
embodiments, the amine having Structure N2 can be oxani-
trile; alternatively, propane-dinitrile; alternatively, a butane-
dinitrile; alternatively, a pentanedinitrile; alternatively, a hex-
anedinitrile; alternatively, a heptanedinitrile; alternatively, an
octanedinitrile; alternatively, a noanedinitrile; alternatively, a
decanedinitrile; alternatively, an undecanedinitrile; alterna-
tively, a dodecanedinitrile; alternatively, a tridecanedinitrile;
alternatively, a tetradecanedinitrile; alternatively, a pentade-
cane-dinitrile; alternatively, a hexadecanedinitrile; alterna-
tively, a heptadecanedinitrile; alternatively, an octadecane-
dinitrile; alternatively, a nonadecanedinitrile; alternatively,
an eicosanedinitrile; or alternatively, a heneicosanedinitrile.
In some embodiments, the nitrile having Structure N2 can be
propanedinitrile, n-butanedinitrile, 2-methylpropanedini-
trile, n-pentanedinitrile, 2-methylbutanedinitrile, n-hexane-
dinitrile, 2,3-dimethylbutanedinitrile, n-heptanedinitrile, 2,2-
dimethylpentanedinitrile, n-octane-dinitrile, or 2,2,3.3-
tetramethylbutanedinitrile; propanedinitrile,
n-butanedinitrile, n-pentanedinitrile, n-hexanedinitrile,
n-heptanedinitrile, or n-octanedinitrile; alternatively, pro-
panedinitrile; alternatively, n-butanedinitrile; alternatively,
2-methylpropanedinitrile; alternatively, n-pentanedinitrile;
alternatively, 2-methylbutanedinitrile; alternatively, n-hex-
anedinitrile; alternatively, 2,3-dimethylbutanedinitrile; alter-
natively, n-heptanedinitrile; alternatively, 2,2-dimethylpen-
tanedinitrile; alternatively, n-octanedinitrile; or alternatively,
2,2,3 3-tetramethylbutanedinitrile.

In an aspect, the nitrile having Structure N2 can have the
formula N=C—CR'“R>**(CH,),CR*R**—C=N. R'% R*,
R3¢ R** R and t are described herein as embodiments of an
L? group having structure —CR'“R>*(CH,,),CR>*R**—. The
descriptions of R*%, R?*, R3?, R**, and t can be utilized with-
out limitation to further describe the nitriles having the for-
mula N—=C—CR'"R?**(CH,),CR**R*—C=N which can be
utilized in the various aspects and/or embodiments described
herein.

In an embodiment, the nitrile having Structure N2 can be a
cyclobutanedicarbonitrile, a substituted cyclobutanedicarbo-
nitrile, a cyclopentanedicarbonitrile, a substituted cyclopen-
tanedicarbonitrile, a cyclohexanedicarbonitrile, a substituted
cyclohexanedicarbonitrile, a cycloheptanedicarbonitrile, a
substituted cycloheptanedicarbonitrile, a cyclooctanedicar-
bonitrile, or a substituted cyclooctanedicarbonitrile. In some
embodiments, the nitrile having Structure N2 can be a cyclo-
pentanedicarbonitrile, a substituted cyclopentanedicarboni-
trile, a cyclohexanedicarbonitrile, a substituted cyclohex-
anedicarbonitrile. In other embodiments, the nitrile having
Structure N2 can be a cyclobutanedicarbonitrile or a substi-
tuted cyclobutanedicarbonitrile; alternatively, a cyclopen-
tane-dicarbonitrile or a substituted cyclopentanedicarboni-
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trile; alternatively, a cyclohexanedicarbonitrile or a
substituted cyclohexanedicarbonitrile; alternatively, a cyclo-
heptanedicarbonitrile or a substituted cycloheptanedicarbo-
nitrile; or alternatively, a cyclooctanedicarbonitrile, or a sub-
stituted cyclooctane-dicarbonitrile. In further embodiments,
the nitrile having Structure N2 can be a cyclopentane-dicar-
bonitrile; alternatively, a substituted cyclopentanedicarboni-
trile; a cyclohexanedicarbonitrile; or alternatively, a substi-
tuted cyclohexanedicarbonitrile.

In an embodiment, the nitrile having Structure N2 can be
1,3-cyclopentanedicarbonitrile, a substituted 1,3-cyclopen-
tanedicarbonitrile, 1,3-cyclohexanedicarbonitrile, a substi-
tuted 1,3-cyclohexane-dicarbonitrile, 1,4-cyclohexanedicar-
bonitrile, or a substituted 1,4-cyclohexanedicarbonitrile;
alternatively, 1,3-cyclopentanedicarbonitrile, 1,3-cyclohex-
anedicarbonitrile, or 1,4-cyclohexanedicarbonitrile. In some
embodiments, the nitrile having Structure N2 can be 1,3-
cyclopentanedicarbonitrile or a substituted 1,3-cyclopen-
tanedicarbonitrile; alternatively, 1,3-cyclohexanedicarboni-

trile a substituted 1,3-cyclohexane-dicarbonitrile, 1,4-
cyclohexanedicarbonitrile, or a  substituted 14-
cyclohexanedicarbonitrile; alternatively, 1,3-
cyclohexanedicarbonitrile  or a  substituted  1,3-
cyclohexanedicarbonitrile; alternatively, 1,4-
cyclohexanedicarbonitrile  or a  substituted 1,4-
cyclohexanedicarbonitrile; alternatively, 1,3-
cyclopentanedicarbonitrile; alternatively, 1,3-
cyclohexanedicarbonitrile; or alternatively, 1,4-

cyclohexanedicarbonitrile.

L? substituents and substituent patterns for substituted L>
cycloalkane groups are generally disclosed herein and can be
utilized without limitation to further describe the substituted
cycloalkanedicarbonitriles which can be utilized as the nitrile
having Structure N2 in the various aspects and/or embodi-
ments described herein.

In an aspect, the nitrile having Structure N2 can be a bi(cy-
clylcarbonitrile), a substituted bi(cyclylcarbonitrile), a bis
(cyclylcarbonitrile)methane, a substituted bis(cyclylcarboni-
trile)methane, a bis(cyclylcarbonitrile)ethane, or a
substituted bis(cyclylcarbonitrile)ethane; or alternatively, a
bis(cyclyl-carbonitrile), a bis(cyclylcarbonitrile)methane, or
a bis(cyclylcarbonitrile)ethane. In an embodiment, the nitrile
having Structure N2 can be a bi(cyclylcarbonitrile) or a sub-
stituted bi(cyclylcarbonitrile); alternatively, a bis(cyclylcar-
bonitrile)methane or a substituted bis(cyclylcarbonitrile)
methane; or alternatively, a bis(cyclylcarbonitrile)ethane or a
substituted bis(cyclylcarbonitrile)ethane. In some embodi-
ments, the nitrile having Structure N2 can be a bi(cyclylcar-
bonitrile); alternatively, a substituted bi(cyclylcarbonitrile);
alternatively, a bis(cyclylcarbonitrile)methane; alternatively,
a substituted bis(cyclylcarbonitrile)methane; alternatively, a
bis(cyclylcarbonitrile)ethane; or alternatively, a substituted
bis(cyclylcarbonitrile)ethane. In an aspect, the nitrile having
Structure N2 can be a bi(cyclohexylcarbonitrile), a substi-
tuted bi(cyclohexylcarbonitrile), a bis(cyclohexylcarboni-
trile)methane, a substituted bis(cyclohexylcarbonitrile)meth-
ane, a bis(cyclohexylcarbonitrile)ethane, or a substituted bis
(cyclohexylcarbonitrile)ethane;  or  alternatively, a
bi(cyclohexylcarbonitrile), a bis(cyclohexylcarbo-nitrile)
methane, or a bis(cyclohexylcarbonitrile)ethane. In an
embodiment, the nitrile having Structure N2 can be a bi(cy-
clohexylcarbonitrile) or a substituted bi(cyclohexylcarboni-
trile); alternatively, a bis(cyclohexylcarbonitrile)methane or
a substituted bis(cyclohexylcarbonitrile)methane; or alterna-
tively, a bis(cyclohexylcarbonitrile)ethane or a substituted
bis(cyclohexylcarbonitrile)ethane. In some embodiments,
the nitrile having Structure N2 can be a bi(cyclohexylcarbo-
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nitrile); alternatively, a substituted bi(cyclohexylcarboni-
trile); alternatively, a bis(cyclohexylcarbonitrile)methane;
alternatively, a substituted bis(cyclohexylcarbonitrile)meth-
ane; alternatively, a bis(cyclohexylcarbonitrile)ethane; or
alternatively, a substituted bis(cyclohexylcarbonitrile)
ethane. L? substituents and substituent patterns for substi-
tuted L? bicyclylene groups, bis(cyclylene)methane groups,
and bis(cyclylene)ethane groups are generally disclosed
herein and can be utilized without limitation to further
describe the substituted bi(cyclylcarbonitrile)s, substituted
bis(cyclylcarbonitrile)methanes, and substituted bis(cyclyl-
carbo-nitrile)ethanes which can be utilized as the nitrile hav-
ing Structure N2 in the various aspects and/or embodiments
described herein.

In an embodiment, the nitrile having Structure N2 can be
4.4'-bicyclohexyldicarbonitrile, 3,3'-disubstituted-4,4'-bicy-
clohexyldicarbonitrile, a 3,3',5,5'-tetrasubstituted-4,4'-bicy-
clohexyl-dicarbonitrile, bis(4-cyclohexylcarbonitrile)meth-
ane, a bis(3-substituted-4-cyclohexylcarbonitrile)-methane,
a  bis(3,5-disubstituted-4-cyclohexylcarbonitrile)methane,
bis-1,2-(4-cyclohexylcarbonitrile)-ethane, a bis-1,2-(3-sub-
stituted-4-cyclohexylcarbonitrile)ethane, a bis-1,2-(3,5-dis-
ubstituted-4-cyclohexylcarbonitrile)ethane. In some embodi-
ments, the nitrile having Structure N2 can be 4.,4'-
bicyclohexyldicarbonitrile, a 3,3'-disubstituted-4,4'-
bicyclohexyldicarbonitrile, a 3,3',5,5'-tetra-substituted-4,4'-
bicyclohexyldicarbonitrile; alternatively, a  bis(4-
cyclohexylcarbonitrile)methane, a  bis(3-substituted-4-
cyclohexylcarbonitrile)methane or a bis(3,5-disubstituted-4-
cyclohexylcarbonitrile)-methane; alternatively, bis-1,2-(4-
cyclohexylcarbonitrile)ethane, a bis-1,2-(3-substituted-4-
cyclohexyl-carbonitrile)ethane or a bis-1,2-(3,5-
disubstituted-4-cyclohexylcarbonitrile)ethane. In  other
embodiments, the nitrile having Structure N2 can be 4,4'-
bicyclohexyldicarbonitrile; alternatively, 3,3'-disubstituted-
4.4'-bicyclohexyldicarbonitrile; alternatively, a 3,3',5,5'-tet-
rasubstituted-4,4'-bicyclohexyl-dicarbonitrile; alternatively,
bis(4-cyclohexylcarbonitrile)methane; alternatively, a bis(3-
substituted-4-cyclohexylcarbonitrile)methane; alternatively,
a  bis(3,5-disubstituted-4-cyclohexylcarbonitrile)methane;
alternatively, bis-1,2-(4-cyclohexylcarbonitrile)ethane; alter-
natively, a bis-1,2-(3-substituted-4-cyclohexylcarbonitrile)
ethane; or alternatively, a bis-1,2-(3,5-disubstituted-4-cyclo-
hexylcarbonitrile)-ethane. Generally, any bis
(cyclohexylcarbonitrile)ethane disclosed herein (substituted
or unsubstituted) can be a bis-1,1-(cyclohexylcarbonitrile)
ethane or a bis-1,2-(cyclohexylcarbonitrile)ethane group;
alternatively, a bis-1,1-(cyclohexylcarbonitrile)ethane; or
alternatively, a bis-1,2-(cyclohexyl-carbonitrile)ethane. Sub-
stituents for the substituted L? bicyclohex-4,4'-ylene groups,
bis(cyclohex-4-ylene)methane groups, and a bis-1,2-(cyclo-
hex-4-ylene)ethane groups are generally disclosed herein and
can be utilized without limitation to further describe the sub-
stituted 4,4'-bicyclohexyldicarbonitriles, substituted bis(4-
cyclohexylcarbonitrile)methanes, and substituted bis-1,2-(4-
cyclohexylcarbo-nitrile)ethanes which can be utilized as the
nitrile having Structure N2 in the various aspects and/or
embodiments described herein.

In an aspect, the nitrile having Structure N2 can be a ben-
zenedicarbonitrile or a substituted benzenedicarbonitrile. In
an embodiment, the nitrile having Structure N2 can be a
benzenedicarbonitrile; or alternatively, a substituted ben-
zenedicarbonitrile. In some embodiments, the nitrile having
Structure N2 can be 1,2-benzenedicarbonitrile or a substi-
tuted 1,2-benzenedicarbonitrile; alternatively, 1,2-benzene-
dicarbonitrile; or alternatively, a substituted 1,2-benzenedi-
carbonitrile. In other embodiments, the nitrile having
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Structure N2 can be 1,3-benzenedicarbonitrile or a substi-
tuted 1,3-benzenedicarbo-nitrile; alternatively, 1,3-benzene-
dicarbonitrile; or alternatively, a substituted 1,3-benzenedi-
carbonitrile. In yet other embodiments, the nitrile having
Structure N2 can be 1,4-benzenedicarbonitrile or a substi-
tuted 1,4-benzenedicarbonitrile; alternatively, a 1,4-benzene-
dicarbonitrile; or alternatively, a substituted 1,4-benzenedi-
carbonitrile. In further embodiments, the nitrile having
Structure N2 can be 1,2-benzenedicarbonitrile, 1,3-benzene-
dicarbonitrile, or 1,4-benzenedicarbonitrile; alternatively,
1,3-benzenedicarbonitrile, or 1,4-benzenedicarbonitrile. In
other embodiments, the nitrile having Structure N2 can be a
substituted 1,2-benzenedicarbonitrile, a substituted 1,3-ben-
zenedicarbonitrile, or a substituted 1,4-benzenedicarboni-
trile; alternatively, a substituted 1,3-benzenedicarbonitrile, or
a substituted 1,4-benzenedicarbonitrile. In a non-limiting
embodiment, the nitrile having Structure N2 can be a 2,6-
disubstituted 1,4-benzenedicarbonitrile, a 2,3-disubstituted
1,4-benzenedicarbonitrile, a 2,5-disubstituted 1,4-benzene-
dicarbonitrile, or a 2,3,5,6-tetrasubstituted 1,4-benzenedicar-
bonitrile. In some embodiments, the nitrile having Structure
N2 can be a 2,6-disubstituted 1,4-benzenedicarbonitrile or a
2,5-disubstituted 1,4-benzenedicarbonitrile; alternatively, a
2,6-disubstituted 1,4-benzenedicarbonitrile; alternatively, a
2,3-disubstituted 1,4-benzenedicarbonitrile; alternatively, a
2,5-disubstituted 1,4-benzenedicarbonitrile; or alternatively,
a 2,3,5,6-tetrasubstituted 1,4-benzenedicarbonitrile. L? sub-
stituents and substituent patterns for substituted L* phenylene
groups are generally disclosed herein and can be utilized
without limitation to further describe the substituted benzene-
dicarbonitriles which can be utilized as the nitrile having
Structure N2 in the various aspects and/or embodiments
described herein.

In an aspect, the nitrile having Structure N2 can be a naph-
thalenedicarbonitrile or a substituted naphthalenedicarboni-
trile. In an embodiment, the nitrile having Structure N2 can be
a naphthalene-dicarbonitrile; or alternatively, a substituted
naphthalenedicarbonitrile. In some embodiments, the nitrile
having Structure N2 can be 1,3-naphthalenedicarbonitrile, a
substituted 1,3-naphthalenedicarbonitrile, 1,4-naphthalene-
dicarbonitrile, a substituted 1,4-naphthalenedicarbonitrile,
1,5-naphthalenedicarbonitrile, a substituted 1,5-naphtha-
lenedicarbonitrile, 1,6-naphthalenedicarbonitrile, a substi-
tuted 1,6-naphthalene-dicarbonitrile, 1,7-naphthalenedicar-
bonitrile, a substituted 1,7-naphthalenedicarbonitrile, 1,8-
naphthalenedicarbonitrile, or a  substituted  1,8-
naphthalenedicarbonitrile. In other embodiments, the nitrile
having Structure N2 can be 1,3-naphthalenedicarbonitrile or
a substituted 1,3-naphthalene-dicarbonitrile; alternatively,
1,4-naphthalenedicarbonitrile or a substituted 1,4-naphtha-
lenedicarbonitrile; alternatively, 1,5-naphthalenedicarboni-
trile or a substituted 1,5-naphthalenedicarbonitrile; alterna-
tively, 1,6-naphthalenedicarbonitrile or a substituted 1,6-
naphthalenedicarbonitrile; alternatively, 1,7-
naphthalenedicarbonitrile  or a  substituted  1,7-
naphthalenedicarbonitrile; or alternatively, 1,8-naphthalene-
dicarbonitrile or a substituted 1,8-naphthalenedicarbonitrile.
In yet other embodiments, the nitrile having Structure N2 can
be 1,3-naphthalenedicarbonitrile; alternatively, a substituted
1,3-naphthalene-dicarbonitrile; alternatively, 1,4-naphtha-
lenedicarbonitrile; alternatively, a substituted 1,4-naphtha-
lene-dicarbonitrile; alternatively, 1,5-naphthalenedicarboni-
trile;  alternatively, a substituted 1,5-naphthalene-
dicarbonitrile; alternatively, 1,6-naphthalenedicarbonitrile;
alternatively, a substituted 1,6-naphthalene-dicarbonitrile;
alternatively, 1,7-naphthalenedicarbonitrile; alternatively, a
substituted 1,7-naphthalene-dicarbonitrile; alternatively, 1,8-



US 9,283,555 B2

213

naphthalenedicarbonitrile; or alternatively, a substituted 1,8-
naphthalene-dicarbonitrile. L* substituents and substituent
patterns for substituted > naphthylene groups are generally
disclosed herein and can be utilized without limitation to
further describe the substituted naphthalene-dicarbonitriles
which can be utilized as the nitrile having Structure N2 in the
various aspects and/or embodiments described herein.

In an aspect, the nitrile having Structure N2 can be a
bi(phenylcarbonitrile), a substituted bi(phenylcarbonitrile), a
bis(phenylcarbonitrile)methane group, a substituted bis(phe-
nylcarbonitrile)-methane group, a bis(phenylcarbonitrile)
ethane group, or a substituted bis(phenylcarbonitrile)ethane
group; or alternatively, a bi(phenylcarbonitrile), a bis(phenyl-
carbonitrile)methane group, or a bis(phenyl-carbonitrile)
ethane group. In an embodiment, the nitrile having Structure
N2 can be a bi(phenyl-carbonitrile) or a substituted bi(phe-
nylcarbonitrile); alternatively, bis(phenylcarbonitrile)meth-
ane group or a substituted bis(phenylcarbonitrile)methane
group; or alternatively, a bis(phenylcarbonitrile)ethane group
or a substituted bis(phenylcarbonitrile)ethane group. In some
embodiments, the nitrile having Structure N2 can be a bi(phe-
nylcarbonitrile); alternatively, a substituted bi(phenylcarbo-
nitrile); alternatively, a bis(phenylcarbonitrile)methane
group; alternatively, a substituted bis(phenylcarbonitrile)
methane group; alternatively, a bis(phenylcarbonitrile)ethane
group; or alternatively, a substituted bis(phenylcarbonitrile)
ethane group.

In an embodiment, the nitrile having Structure N2 can be
2,2'-bi(phenylcarbonitrile), a substituted 2,2'-bi(phenylcar-
bonitrile), 3,3'-bi(phenylcarbonitrile), a substituted 3,3'-bi
(phenyl-carbonitrile), 4,4'-bi(phenylcarbonitrile), or a substi-
tuted 4,4'-bi(phenylcarbonitrile); or alternatively, 3,3'-bi
(phenylcarbonitrile), a substituted 3,3'-bi
(phenylcarbonitrile),  4,4'-bi(phenylcarbonitrile), or a
substituted 4,4'-bi(phenylcarbonitrile). In some embodi-
ments, the nitrile having Structure N2 can be 2,2'-bi(phenyl-
carbonitrile) or a substituted 2,2'-bi(phenylcarbonitrile);
alternatively, 3,3'-bi(phenyl-carbonitrile) or a substituted
3,3"-bi(phenylcarbonitrile); or alternatively, 4,4'-bi(phenyl-
carbonitrile) or a substituted 4,4'-bi(phenylcarbonitrile). In
other embodiments, the nitrile having Structure N2 can be
2,2'-bi(phenylcarbonitrile); alternatively, a substituted 2,2'-bi
(phenylcarbonitrile); alternatively, 3,3'-bi(phenylcarboni-
trile); alternatively, a substituted 3,3'-bi(phenylcarbonitrile);
alternatively, 4,4'-bi(phenylcarbonitrile); or alternatively, a
substituted 4.4'-bi(phenylcarbonitrile).

In an embodiment, the nitrile having Structure N2 can be
bis(2-phenylcarbonitrile)methane, a substituted bis(2-phe-
nylcarbonitrile)methane, bis(3-phenylcarbonitrile)methane,
a substituted bis(3-phenylcarbonitrile)methane, bis(4-phe-
nylcarbonitrile)methane, or a substituted bis(4-phenylcarbo-
nitrile)-methane; or alternatively, bis(3-phenylcarbonitrile)
methane, a substituted bis(3-phenylcarbonitrile)-methane,
bis(4-phenylcarbonitrile)methane, or a substituted bis(4-phe-
nylcarbonitrile)methane. In some embodiments, the nitrile
having Structure N2 can be bis(2-phenylcarbonitrile)meth-
ane or a substituted bis(2-phenylcarbonitrile)methane; alter-
natively, bis(3-phenylcarbonitrile)methane or a substituted
bis(3-phenylcarbonitrile)methane; or alternatively, bis(4-
phenylcarbonitrile)methane or a substituted bis(4-phenylcar-
bonitrile)methane. In other embodiments, the nitrile having
Structure N2 can be bis(2-phenyl-carbonitrile)methane;
alternatively, a substituted bis(2-phenylcarbonitrile)meth-
ane; alternatively, bis(3-phenylcarbonitrile)methane; alterna-
tively, a substituted bis(3-phenylcarbonitrile)methane; alter-
natively, bis(4-phenylcarbonitrile)methane; or alternatively,
a substituted bis(4-phenylcarbonitrile)methane.
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In an embodiment, the nitrile having Structure N2 can be
bis(2-phenylcarbonitrile)ethane, a substituted bis(2-phenyl-
carbonitrile)ethane, bis(3-phenylcarbonitrile)ethane, a sub-
stituted bis(3-phenyl-carbonitrile)ethane, bis(4-phenylcar-
bonitrile)ethane, or a substituted bis(4-phenylcarbonitrile)
ethane; or alternatively, bis(3-phenylcarbonitrile)ethane, a
substituted bis(3-phenylcarbonitrile)ethane, bis(4-phenyl-
carbonitrile)ethane, or a substituted bis(4-phenylcarbonitrile)
ethane. In some embodiments, the nitrile having Structure N2
can be bis(2-phenylcarbonitrile)ethane or a substituted bis(2-
phenylcarbonitrile)-ethane; alternatively, bis(3-phenylcarbo-
nitrile)ethane or a substituted bis(3-phenylcarbonitrile)
ethane; or alternatively, bis(4-phenylcarbonitrile)ethane or a
substituted bis(4-phenylcarbonitrile)ethane. In other embodi-
ments, the nitrile having Structure N2 can be bis(2-phenyl-
carbonitrile)ethane; alternatively, a substituted bis(2-phenyl-
carbonitrile)ethane; alternatively, bis(3-phenylcarbonitrile)
ethane; alternatively, a substituted bis(3-phenylcarbonitrile)
ethane; alternatively, bis(4-phenylcarbonitrile)ethane; or
alternatively, a substituted bis(4-phenylcarbonitrile)ethane.
Generally, any bis(phenylcarbonitrile)ethane disclosed
herein (substituted or unsubstituted) can be a bis-1,1-(phe-
nylcarbonitrile)ethane or a bis-1,2-(phenylcarbonitrile)
ethane group; alternatively, a bis-1,1-(phenylcarbonitrile)
ethane; or alternatively, a bis-1,2-(phenylcarbonitrile)ethane.

In an embodiment, the nitrile having Structure N2 can be a
3,3'-disubstituted-4,4'-bi(phenyl-carbonitrile), a 3,3',5,5'-tet-
rasubstituted-4,4'-bi(phenylcarbonitrile), a bis(3-substituted-
4-phenyl-carbonitrile)methane, a bis(3,5-disubstituted-4-
phenylcarbonitrile)methane, a  bis-1,2-(3-substituted-4-
phenylcarbonitrile)ethane, or a bis-1,2-(3,5-disubstituted-4-
phenylcarbonitrile)ethane. In some embodiments, the nitrile
having Structure N2 can be a 3,3'-disubstituted-4,4'-bi(phe-
nylcarbonitrile) or a 3,3',5,5'-tetrasubstituted-4,4'-bi(phenyl-
carbonitrile); alternatively, a bis(3-substituted-4-phenyl-car-
bonitrile)methane or a bis(3,5-disubstituted-4-
phenylcarbonitrile)methane; alternatively, a bis-1,2-(3-
substituted-4-phenylcarbonitrile)ethane or a bis-1,2-(3,5-
disubstituted-4-phenylcarbonitrile)ethane. In other
embodiments, the nitrile having Structure N2 can be a 3,3'-
disubstituted-4,4'-bi(phenylcarbonitrile); alternatively, 3,3,
5,5'-tetrasubstituted-4,4'-bi(phenylcarbonitrile); alterna-
tively, a bis(3-substituted-4-phenylcarbonitrile)methane;
alternatively, a bis(3,5-disubstituted-4-phenylcarbonitrile)
methane; alternatively, a bis-1,2-(3-substituted-4-phenylcar-
bonitrile)ethane; or alternatively, a bis-1,2-(3,5-disubsti-
tuted-4-phenylcarbonitrile)ethane.

L? substituents and substituent patterns for general and
specific substituted L? biphenylene groups, bis(phenylene)
methane groups, and bis(phenylene)ethane groups are gener-
ally disclosed herein and can be utilized without limitation to
further describe the general and specific substituted bi(phe-
nylcarbonitrile)s, substituted bis(phenylcarbonitrile)meth-
anes, and substituted bis(phenylcarbonitrile)ethanes which
can be utilized as the nitrile having Structure N2 in the various
aspects and/or embodiments described herein.

In an embodiment, the nitrile having Structure N2 can be a
di(methylcarbonitrile)cycloalkane or a substituted di(meth-
ylcarbonitrile)cycloalkane; alternatively, a di(methylcarbo-
nitrile)cycloalkane. The cycloalkane group of the di(methyl-
carbonitrile)cycloalkanes (substituted or unsubstituted) can
be cyclobutane group, a substituted cyclobutane group, a
cyclopentane group, a substituted cyclopentane group, a
cyclohexane group, a substituted cyclohexane group, a cyclo-
heptane group, a substituted cycloheptane group, a cyclooc-
tane group, or a substituted cyclooctane group; alternatively,
a cyclopentane group, a substituted cyclopentane group, a
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cyclohexane group, or a substituted cyclohexane group; alter-
natively, a cyclobutane group or a substituted cyclobutane
group; alternatively, a cyclopentane group or a substituted
cyclopentane group; alternatively, a cyclohexane group or a
substituted cyclohexane group; alternatively, a cycloheptane
group or a substituted cycloheptane group; or alternatively, a
cyclooctane group, or a substituted cyclooctane group. In
some embodiments, the cycloalkane group of the di(methyl-
carbonitrile)cycloalkanes (substituted or unsubstituted) can
be cyclobutane group, a cyclopentane group, a cyclohexane
group, a cycloheptane group, or a cyclooctane group; or alter-
natively, a cyclopentane group or a cyclohexane group. In
other embodiments, the cycloalkane group of the di(methyl-
carbonitrile)cycloalkanes (substituted or unsubstituted) can
be cyclopentane group; alternatively, a substituted cyclopen-
tane group; a cyclohexane group; or alternatively, a substi-
tuted cyclohexane group.

In an embodiment, the nitrile having Structure N2 can be
1,3-di(methylcarbonitrile)-cyclopentane, a substituted 1,3-di
(methylcarbonitrile)cyclopentane,  1,3-di(methylcarboni-
trile)-cyclohexane, a substituted 1,3-di(methylcarbonitrile)
cyclohexane, 1,4-di(methylcarbonitrile)cyclohexane, or a
substituted 1,4-di(methylcarbonitrile)cyclohexane; alterna-
tively, 1,3-di(methylcarbonitrile)cyclo-pentane, 1,3-di(meth-
ylcarbonitrile)cyclohexane, or 1,4-di(methylcarbonitrile)cy-
clohexane. In some embodiments, the nitrile having Structure
N2 can be 1,3-di(methylcarbonitrile)cyclopentane or a sub-
stituted  1,3-di(methylcarbonitrile)cyclopentane; alterna-
tively, 1,3-di(methylcarbonitrile)cyclohexane or a substi-
tuted 1,3-di(methylcarbonitrile)cyclohexane; alternatively,
1,4-di(methylcarbonitrile)cyclo-hexane or a substituted 1,4-
di(methylcarbonitrile)cyclohexane; alternatively, 1,3-di(me-
thylcarbonitrile)-cyclohexane or a substituted 1,3-di(methyl-
carbonitrile)cyclohexane; alternatively, 1,4-di(methylcarbo-
nitrile)cyclohexane or a substituted 1,4-di
(methylcarbonitrile)cyclohexane;  alternatively,  1,3-di
(methyl-carbonitrile)cyclopentane; alternatively, a 1,3-di
(methylcarbonitrile)cyclohexane; or alternatively, a 1,4-di
(methylcarbonitrile)cyclohexane.

In an aspect, the nitrile having Structure N2 can be a di(m-
ethylcarbonitrile)benzene, or a substituted di(methylcarboni-
trile)benzene; alternatively, a di(methylcarbonitrile) ben-
zene. In an embodiment, nitrile having Structure N2 can be a
1,2-di(methylcarbonitrile)benzene, a substituted 1,2-di(me-
thylcarbonitrile)benzene, a 1,3-di(methylcarbonitrile)ben-
zene, a substituted 1,3-di(methylcarbo-nitrile)benzene, a 1,4-
di(methylcarbonitrile)benzene, or a substituted 1,4-di
(methylcarbonitrile)benzene;  alternatively, a  1,2-di
(methylcarbonitrile)benzene, a 1,3-di(methylcarbonitrile)
benzene, or a 1,4-di(methylcarbonitrile)benzene. In some
embodiments, nitrile having Structure N2 can be a 1,2-di
(methylcarbonitrile)benzene or a substituted 1,2-di(methyl-
carbonitrile)benzene; alternatively, a 1,3-di(methylcarboni-
trile)benzene or a substituted 1,3-di(methylcarbonitrile)
benzene; alternatively, a 1,4-di(methylcarbonitrile)benzene
or a substituted 1,4-di(methylcarbonitrile)benzene; alterna-
tively, a 1,2-di(methylcarbonitrile)benzene; alternatively, a
1,3-di(methylcarbonitrile)benzene; or alternatively, a 1,4-di
(methylcarbonitrile)benzene.

L? substituents for the general and specific substituted
di(methylene)cycloalkane groups and di(methylene)benzene
groups are generally disclosed herein and can be utilized
without limitation to further describe the general and specific
substituted di(methylcarbonitrile)cycloalkanes and substi-
tuted di(methylcarbonitrile)benzenes which can be utilized as
the nitrile having Structure N2 in the various aspects and/or
embodiments described herein.

10

15

20

25

30

35

40

45

50

55

60

65

216

In an aspect, the nitrile having Structure N2 can have
Structure N6, N7, N8, N9, N10, N11, N12, N13, N14, N15,
N16, N17, N18, or N19. In some embodiments, the nitrile
having Structure N2 can have Structure N6, N7, or N8; alter-
natively, Structure N9, N10, N11, or N12; alternatively,
Structure N13, N14, or N15; or alternatively, Structure N16,
N17, N18, or N19. In other embodiments, the nitrile having
Structure N2 can have Structure N7 or N8; alternatively,
Structure N9 or N10; alternatively, N11 or N12; alternatively,
Structure N14 or N15; alternatively, Structure N16 or N17; or
alternatively, Structure N18 or N19. In further embodiments,
the nitrile having Structure N2 can have Structure N6; alter-
natively, Structure N7; alternatively, Structure N8; alterna-
tively, Structure N9; alternatively, Structure N10; alterna-
tively, Structure N11; alternatively, Structure NI12;
alternatively, Structure N13; alternatively, Structure N14;
alternatively, Structure N15; alternatively, Structure N16;
alternatively, Structure N17; alternatively, Structure N18 or
alternatively, Structure N19.

TABLE 5

Dinitriles which can be utilized as the nitrile having Structure N2.

R4 R3L Structuer
R CN
REL RIZ
Structure
N7
Structure
N8
R4OL RS0L
NC R2IL R CN Structure
23L p22L 2[ 23
rt\ KR R R RL N9
R26L RIL
R R30L R3O R zé?w
R
R¥E pasr pazr RHL RUE ri2r gaz R Structure
N10
Structure
' 22 CN
R22L R23L N1

RZSL’
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TABLE 5-continued

Dinitriles which can be utilized as the nitrile having Structure N2.

R#L REL RE2L R4IL RHL RL R R44L;5L Stmc;ulr;
Le R
NC CN
R¥SL ¥ , R¥OL R4
RYL RS0L RSO AL
R63L CN Structure
N13
REL CN
ROSL RO6L
NC R72E Structure
N14
R4 CN
R75L R76L
RS3L R82L Structure
N15
NC CN
RSSL RS6L
R72L R72L Structure
N16
R75L R76L R76L R75L
RS3L R82L RS2 RS Structure
N17
RSSL RS6L RS6L RS
NC R72L R72L Structure
N18
R4 1a R4
R75L R76L RS R75L
R83L R2L Rr82L R83L Structure
N19
NC Le CN
RSSL RS6L RS6L RS

Aspects and embodiments for R'*-R! %, R?!M-R%1E R21E-
R3 1L" R41L RSlL R41L RSlL R62L R66L R72L R76L R72L
R76% R82L R8¢, RELRBEL’ and L4 are herein described for
L? Wthh canbe utlhzed inN? -phosplnyl amidine compounds
have Structure NP3, NP8, NP13, or NP18. These aspects and
embodiments can be utilized without limitation to describe
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the nitriles having Structures N6-N19 which can be utilized in
the various aspects and/or embodiments described herein.

In a non-limiting embodiment, the nitrile having Structure
N2 can be 1,4-benzenedicarbonitrile, 2,6-dimethyl-1,4-ben-
zenedicarbonitrile,  2,6-diethyl-1,4-benzenedicarbonitrile,
2,6-diisopropyl 1,4-benzenedicarbonitrile, 2,6-di-tert-butyl-
1,4-benzenedicarbonitrile, 2,5-dimethyl-1,4-benzenedicar-
bonitrile, 2,5-diethyl-1,4-benzenedicarbonitrile, 2,5-diiso-
propyl-1,4-benzenedicarbonitrile, 2,5-di-tert-butyl-1,4-
benzenedicarbonitrile, or 2,3,5,6-tetramethyl-1,4-
benzenedicarbonitrile. In other non-limiting embodiments,
the nitrile having Structure N2 can be 1,4-benzenedicarboni-
trile, 2,6-dimethyl-1,4-benzenedicarbonitrile, 2,6-diethyl-1,
4-benzenedicarbonitrile, 2,6-diisopropyl 1,4-benzenedicar-
bonitrile, or 2,6-di-tert-butyl-1,4-benzenedicarbonitrile;
alternatively, 2,5-dimethyl-1,4-benzenedicarbonitrile, 2,5-
diethyl-1,4-benzenedicarbonitrile, 2,5-diisopropyl-1,4-ben-
zenedica